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FOREWORD 

The  report  on  the  Worth  Coastal  Area  Investigation  consists  of 
Bulletin  No.  136,  four  separately  bound  appendixes  to  the  bulletin,  ajid 
three  separately  bound  office  reports.  The  appendixes  cover  the  subjects 
of  watershed  management,  recreation,  fish  and  wildlife,  and  engineering 
geology.  The  office  reports  cover  alternative  plans  for  development, 
designs  and  cost  estimates,  and  hydrology.  The  land  and  water  use  and 
economics  data  utilized  in  the  investigation  are  published  in  the  Bulletin 
JJo.  9^  series  on  land  and  water  use  in  the  varioxis  hydrographic  units,  and 
in  Bulletin  No.  1^1-2-1  on  water  resources  and  future  water  requirements  in 
the  North  Coastal  Hydrographic  Area. 

Bulletin  No.  I36  provides  a  general  description  and  summary  of 
the  North  Coastal  Area  Investigation.  It  outlines  the  objectives,  activi- 
ties, and  conclusions  of  the  investigation  and  describes  the  plans  which 
have  been  formulated.  The  technical  record  of  the  investigation  is  summar- 
ized in  the  appendixes  and  office  reports.  A  brief  discussion  of  the 
investigation  is  presented  in  Chapter  I  of  this  appendix. 

This  appendix  covers  all  of  the  individual  geologic  investigations 
conducted  dxiring  the  North  Coastal  Area  Investigation.  The  coverage  devoted 
to  individual  damsites  and  txinnel  alignments  varies  with  the  level  of  work 
performed  and  the  importance  of  the  feature  in  the  plans  for  development. 
The   discussions  for  major  damsites  include  detailed  descriptions  of  the 
foundation  conditions  and  available  construction  materials.  Discussions  of 
major  tunnel  alignments  include  estimates  of  tunneling  conditions  ajid 
descriptions  of  anticipated  problem  areas. 

This  appendix  is  divided  into  two  volumes.  Volume  I  contains 
Chapters  I  to  IV  covering  the  possible  projects  involved  in  the  Upper  Eel 
River  Development,  Including  the  Middle  Fork  Eel  River  Projects,  the  Glenn 
Reservoir  Projects,  and  the  Upper  Eel  River  Projects.  Volume  II  contains 
Chapters  V  to  X  covering  the  other  projects  studied  in  the  North  Coastal 
area,  including  the  Trinity,  South  Fork  Trinity,  Mad,  Van  Duzen,  Lower  Eel, 
and  Klamath  River  drainage  areas. 
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July  27,  1965 


Honorable  Edmund  G.  Brovn,  Governor 

and  Members  of  the  Legislature 

of  the  State  of  California 

Gentlemen : 

I  am  pleased  to  transmit  herewith  an  appendix  to  Bulletin 
No.  136,  "North  Coastal  Area  Investigation",  entitled  Appendix  E, 
"Engineering  Geology" . 

Most  engineering  decisions  on  tunneling  conditions,  suit- 
ability of  damsites,  and  availability  of  construction  materials 
depend  heavily  on  the  accumulation  and  interpretation  of  geologic 
information.  This  appendix  summarizes  all  of  the  geologic  informa- 
tion which  has  been  accumulated  during  the  Department's  7-year 
reconnaissance  investigation  of  the  North  Coastal  area. 

As  the  planning  level  for  selected  projects  moves  up  to 
the  feasibility  stage,  more  detailed  geologic  information  will  be 
required.  The  information  summarized  in  this  appendix  will  be  the 
foundation  for  the  more  detailed  study. 

Sincerely  yours. 


Director 
Attachment 


II 


state  of  California 

The  Resources  Agency 

DEPARTMENT  OF  WATER  RESOURCES 


EDMUND  G.  BROWN,  Governor,  State  of  California 

HUGO  FISHER,  Administrator,  The  Resources  Agency 

WILLIAM  E.  WARNE,  Director,  Department  of  Water  Resources 

ALFRED  R.  GOLZE,  Chief  Engineer 

JOHN  R.  TEERINK,  Assistant  Chief  Engineer 


NORTHERN  BRANCH 

The  investigation  leading  to  this  report 
was  conducted  under  the  direction  of 

John  M.  Haley  Chief,  Northern  Branch 

Robert  E.  Foley  Chief,  Special  Investigations  Section 

This  appendix  was  prepared 
under  the  supervision  of 

Philip  J.  Lorens  Senior  Engineering  Geologist 

Vadim  Voloshin Associatie  Engineering  Geologist 

assisted  by 

R.  P.  Bisio  Associate  Engineering  Geologist 

M.  J.  Adair** Assistant  Engineering  Geologist 

B.  G.  Hicks** Assistant  Engineering  Geologist 

M.  E.  Huffman  Junior  Engineering  Geologist 


*   Reassigned 
**  Resigned 


II 


CHAPTER  lo   INTRODUCTION 

There  is  growing  recognition  that  the  key  to  sustaining  California's 
gro\fth  will  be  timely  and  substantial  development  of  new  water  supplies  in 
the  North  Coastal  area.  At  the  present  time,  the  potential  wealth  of  this 
resource  has  scarcely  been  tapped.  Increasing  statewide  water  demands, 
however,  are  bringing  the  threshold  of  extensive  development  nearer.  The 
need  is  manifest  for  a  comprehensive  planning  framework  to  ensure  that  this 
development  is  efficient  and  orderly.  The  results  of  the  North  Coastal  Area 
Investigation  are  conclusions  and  plans  for  development  which  comprise  that 
framework. 

North  Coastal  Area  Investigation 

With  the  publication  of  Bulletin  No.  13^,  and  related  appendixes 
and  office  reports,  the  Department  of  Water  Resources  concludes  the  7-year 
reconnaissance  phase  of  the  continiiing  North  Coastal  Area  Investigation. 

Need 

The  need  for  the  North  Coastal  Area  Investigation  arose  from 
the  conclusions  of  Bulletin  No.  3,  "The  California  Water  Plan".  That  docu- 
ment concluded  that  there  is  enough  water  in  California  to  satisfy  the 
State's  long-range  water  requirements  if  the  available  resources  are  wisely 
controlled,  conserved,  and  distributed.  While  demonstrating  that  the  State 
does  have  sufficient  water  available.  Bulletin  No.  3  also  outlined  the  way 
to  effectively  utilize  the  resource. 

With  the  recognition  that  many  of  the  State's  futiire  water  require- 
ments wo\iLd  be  met  from  surplus  North  Coastal  supplies,  it  was  apparent  that 
a  planning  framework  was  needed  to  assure  that  each  new  project  in  this  area 
represented  a  logical  and  orderly  increment  in  long-range  development.  The 
basic  need  was  to  translate  the  broad  planning  concepts  reported  in  Bulletin 
No.  3  into  a  workable  plan  of  staged  project  development.  In  providing  a 
plan  for  the  North  Coastal  area,  the  Department  can  ass\ire  the  people  of  the 
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state  that  each  proposed  new  project  in  the  area,  irrespective  of  the  construc- 
ting agency,  is  a  logical  and  economical  step  in  meeting  California's  state- 
vri-de  water  demands . 

An  additional  need  for  this  investigation  stems  from  the  Department's 
role  as  the  constructor  and  operator  of  a   rjtatewlde  water  utility.  Ilie 
Department  is  presentj.y  constructing  the  initial  X'acilities  of  %he   State  Water 
Project,  a  system  of  works  which,  when  fully  operative,  will  caaservc?,  trans- 
port, and  deliver  to  public  agencies  throughout  the  State  aprproximately 
k   million  acre-feet  annually  of  new  crater  supplies.  Most  of  this  water  will 
be  diverted  from  the  Sacramento- San  Joaquin  Delta.   In  recognition  that 
the  supplies  of  water  In  the  Delta  will  be  gradually  diminished  as  develops 
ment  takes  place  in  the  tributary  areas,  provisions  were  made  in  the  Bums- 
Porter  Act  for  financing  construction  of  additional  conservation  facilities 
needed  to  maintain  the  Tnim'Tnirm  water  yield  of  the  State  Water  Project.  V/ith 
the  need  to  construct  the  initial  additional  facility  appearing  on  the  hori- 
zon, it  has  been  im"pBrative  that  the  State  work  diligently  towards  selecting 
a  Nortji  Coastal  project  to  satisfy  the  requirement. 

Scope 

The  major  purpose  of  an  area-wide  plan  of  water  development  in  the 
North  Coastal  area  is  to  develop  presently  uncontrolled  runoff  for  meeting 
re<iuireiiients  in  local  areas  arid  for  export  of  surplus  water  to  water-deficient 
c;reas  withih  the  State.  Within  the  framework  of  a  comprehensive  water 
developsnent  plan  it  is  possible  to  consider  many  associated  and  interrelated 
aspects  of  water  control,  distribution,  and  use.   In  this  investigation  the 
following  additional  purposes  were  considered  for  incliision  as  multijiLe- 
purpose  uses  of  the  conservation  and  conveyance  facilities :  fisheries 
enhancement,  flood  control,  recreation,  and  hydroelectric  power. 

The  area!  scope  of  the  investigation  included  consideration  of  all 
streams  in  the  North  Coastal  area  which  offer  apparent  potential  for  economic 
development  of  major  water  conservation  projects.  The  plan  of  dsvelopenent 
as  presently  conceived  would  include  major  projects  in  the  Eel,  Trinity j  Mad, 
Van  Duzen,  Klamath,  and  Russian  River  Basins.  Minor  coastal  drainage  basins, 
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extending  north  from  the  Gualala  River  to  Redwood  Creek,  were  given  cursory 
examination  as  possible  locations  for  fisheries  enhancement  projects. 

In  addition  to  the  above  streams,  which  all  drain  westward  to  the 
coast,  portions  of  the  contiguous  drainage  basins  on  the  west  side  of  the 
Sacramento  Valley,  throxigh  which  the  exported  water  would  be  conveyed  en 
route  to  the  Sacramento- San  Joaquin  Delta,  have  also  been  studied.  These 
basins  include  PutaJi,  Cache,  Stony,  Thames,  Elder,  Cottonwood,  and  Clear 
Creeks.  The  study  of  these  drainage  basins  was  directed  primarily  to  aspects 
associated  with  the  interbasin  transfer  of  water,  such   as  possible  reregul- 
atory  storage  sites  and  hydroelectric  power  features »  However,  substantial 
additional  benefits,  including  conservation  of  tributary  runoff,  would  be 
derived  from  works  constructed  in  these  basins. 

The  Worth  Coastal  Area  Investigation  has  embraced  many  fields  of 
study,  including  hydrology,  geology,  surveying  and  mapping,  cost  estimates 
and  design,  land  and  water  use,  watershed  management,  economics,  recreation, 
fish  and  wildlife,  and  hydroelectric  power.  The  intensity  or  degree  of 
refinement  for  individual  studies  ranged  from  cxirsory  analysis  through 
high-order  reconnaissance  studies. 

Selected  Projects 

Plate  1  shows  the  long-range  development  plans  within  the  Worth 
Coastal  and  West  Side  Sacramento  Valley  areas  which  are  recommended  in 
Bulletin  Wo.  136  for  more  intensive  studies  leading  toward  authorization 
and  future  construction. 

Both  the  Upper  Eel  Pliver  and  Trinity  River  Developments  have  two 
alternative  diversion  routes,  as  shown  on  Plate  1.  These  are  the  Glenn 
Reservoir  and  Clear  Lake  diversion  routes  for  the  Upper  Eel  River  surplus 
waters,  and  the  Clear  Creek  and  West  Side  Conveyance  System  routes  for 
the  Trinity  River  surplus  waters.  Routes  will  be  selected  after  fiirther 
studies  have  been  made. 

Futi^re  Planning  Program 

Departmental  planning  for  major  water  projects  in  the  Worth  Coastal 
area  is  being  carried  forward  in  two  programs:   (l)  an  advance  planning  program 
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for  the  Upper  Eel  River  Development,  and  (2)  continiiation  of  the  area -wide 
investigation  of  the  North  Coastal  region.  A  description  of  these  two 
programs  follows. 

Advance  Planning  -  Upper  Eel  River  Development.  This  program  is 
an  outgrowth  of  the  authorization  of  the  Upper  Eel  River  Development  as  an 
additional  conservation  facility  of  the  State  Water  Project.  It  will  he  a 
comprehensive  planning  program  to  provide  final  formiilation  and  definition 
of  the  development.  Funds  for  the  program  will  come  from  the  California  Water 
Resoiirces  Development  Bond  Fund,  through  the  "offset  provisions"  of  the 
Bums-Porter  Act. 

The  Upper  Eel  River  Development,  as  described  previously  in  this 
report,  will  consist  of  conservation  reservoirs  on  the  Middle  Fork  Eel  River 
and  associated  conveyance  features  to  deliver  the  conserved  water  supplies 
to  local  areas  and  to  the  Sacramento  River  Basin.  Delivery  will  be  either 
(l)  via  pumped  diversion  to  the  upper  main  Eel  River  with  subsequent  gravity 
diversion  via  Clear  Lake,  Soda  Creek,  Putah  Creek,  and  Lake  Berryessa  to  the 
Sacramento  River,  or  (2)  via  gravity  diversion  to  Thomes  or  Stony  Creeks 
in  west  side  Sacramento  Valley  with  the  inclxision  of  elements  of  the  Glenn 
Reservoir  Complex. 

The  objectives  of  this  program  are  to:   (l)  select  the  conveyance 
route  for  delivering  the  conserved  surplus  water  from  the  Middle  Fork  Eel 
River  to  the  Sacramento  River  Basin;  (2)  identify  the  specific  project 
features  which  will  comprise  the  Upper  Eel  River  Developnent;  (3)  define 
the  capacities,  sizes,  costs,  and  other  appropriate  parameters  of  the 
specific  project  featiires;  (k)   identify  local  needs  which  could  be  served 
from  the  development  and  define  the  necessary  appurtenant  works  to  supply 
these  needs;  (5)  determine  the  relationship  between  projected  benefits 
and  costs  for  the  different  project  purposes,  in  order  to  provide  a  cost 
allocation  and  a  project  services  allocation  among  the  various  purposes;  and 
(6)  pro-vide  comprehensive  and  specific  recommendations  for  the  subsequent 
programs  and  actions  which  will  be  necessary  to  design,  construct,  and 
operate  this  facility. 

The  program  will  be  conducted  in  direct  cooperation  with  the 
U.  S.  Bureau  of  Reclamation,  the  U.  S.  Corps  of  Engineers,  and  the  U.  S.  Soil 
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Conservation  Service.  Close  liaison  will  also  be  maintained  with  other 
federal,  state,  and  local  agencies. 

North  Coastal  Area  Investigation  -  Second  Phase.  This  is  the 
second  phase  of  the  Department's  contimaing  planning  investigation  covering 
the  entire  North  Coastal  area.  The  program  will  be  funded  from  the  state 
General  Fiznd. 

Activities  will  be  directed  toward  further  definition  of  possible 
multiple-purpose  developments  in  the  Trinity,  Mad,  Van  Duzen,  Lower  Eel^ 
Klamath,  and  coastal  stream  basins. 

The  objectives  of  the  investigation  are  to:   (l)  re-3oramend  general 
sequence  of  major,  multiple-purpose  projects  in  the  North  Coastal  area  to 
follow  the  Upper  Eel  River  Development;  (2)  define  specific  featixres  of  the 
first  project  in  this  sequence  in  siifficient  detail  to  enable  future  initia- 
tion of  feasibility-level  studies;  (3)  compare  alternative  projects  in  later- 
staged  works;  and  {h)   identify  local  projects  which  might  be  constructed  for 
purposes  of  local  water  supply,  flood  control,  recreation,  and  fisheries 
enhancement. 

Scope  of  Engineering  Geology  Report 

Most  fundamental  and  important  engineering  decisions  such  as 
determination  of  optimum  tunnel  alignment,  type  of  dam  construction,  and 
solution  to  other  foixndation  problems  depend  heavily  upon  the  accumulation 
and  interpretation  of  geologic  information.  For  this  reason  the  Department 
has  conducted  extensive  geologic  investigations  in  the  North  Coastal  area 
since  the  initiation  of  this  program.  All  of  the  geologic  information 
accumulated  during  this  investigation  is  siramarized  in  this  report. 

Geologic  Investigations 

Geological  work  accomplished  by  the  Department  prior  to  the  North 
Coastal  Area  Investigation  was  limited  to  the  reconnaissance  sxirveys  neces- 
sary for  the  preparation  of  Bulletin  No.  3,  "The  California  Water  Plan". 
This  work  consisted  primarily  of  brief  memorandum  reports  and  preliminaary 
geological  mapping  of  dam  and  reservoir  sites. 


Since  additional  and  more  detailed  information  was  required  for  the 
present  investigation,  an  intensive  geological  program  vas  undertaken  and 
has  continued  since  I956.  This  program  included  geologic  mapping  of  damsites 
and  tunnel  lines,  location  and  exploration  of  potential  soiorces  of  construc- 
tion materials,  subsurface  investigation  of  proposed  dam  fooindations  and 
tunnel  alignments,  and  the  preparation  of  office  reports  on  the  various 
alternative  features  under  study. 

Featured  projects  (see  Plate  l)  are  discussed  in  detailed  reports 
in  the  following  chapters,  while  the  geologic  conditions  of  alternative  or 
less  favorable  features  are  summarized  in  brief  reports  in  tabiilar  form. 
These  tables  appear  at  the  end  of  eeich  appropriate  chapter. 

Previous  Geologic  Reports  and  Investigations.  During  the  course 
of  the  various  investigations  in  the  North  Coastal  area,  a  variety  of  office 
reports,  outline  reports,  memorandum  reports  have  been  prepared.  The  most 
significant  of  these  are  listed  in  Attachment  A  to  this  report.  Portions 
of  many  of  these  reports  and  maps  prepared  for  them  have  been  used  extensively 
in  preparing  this  report. 

All  damsites  and  timnel  lines  studied  in  the  North  Coastal  area 
are  tabulated  on  Table  1,  "Sujramary  of  Geological  Investigations  in  the 
North  Coastal  Area".  This  table  also  lists  the  status  of  work  performed  as  either 
ficial  reconnaissance,  detailed  reconnaissance,  preliminary  exploration, 
or  pre-feasibility,  and  the  type  of  report  prepared.  Damsites  and  tvmnels 
listed  in  capital  letters  are  "featured  projects"  for  which  detailed  reports 
and/ or  maps  are  presented  in  the  subsequent  chapters. 

TABLE  1 

SUMMARY  OF  GEOLOGICAL  INVESTIGATIONS 
IN  THE  NORTH  COASTAL  AREA 


Damsite  or          :  ; 
tunnel  location ^ Stream ;  Status* 

Cant hook  Damsite                Smith  River  I 

Craig  Damsite                  Smith  Fliver  I 

Adams  Damsite                  Smith  River  I 

Hombrook  Damsite               Klamath  River  I 

Hamburg  Damsite                Klamath  River  I 

*  See  explanation  at  end  of  table. 


TABLE  1  (Cont.) 


Damsite  or 
tunnel  location 


Stream 


Status* 


Happy  Camp  Damsite 

Red  Cap  Damsite 

Slate  Creek  Damsite 

Mettali  Creek  Damsite 

Blue  Creek  Damsite 

HUMBOLDT  DAMSITE 

Jackman  Damsite 

BURNT  RANCH  DAMSITE 

HELENA  DAMSITE 

Lowden  Damsite 

Ironsides  Damsite 

BIG  BAR  DAMSITE 

Horse  Linto  Damsite 

Hoopa  Damsite 

Beaver  Damsite 

TRINITY- CLEAR  CREEK  TUNNEL 

TRINITY-COTTONWOOD  TUNNEL 

ELTAPOM  DAMSITE,  UPPER 
ELTAPOM  DAMSITE,  MIDDLE 
Eltapom  Damsite,  Lower 
Grel  Damsite 
Grouse  Creek  Damsite 
WAR  CRY  TUNNEL 
Eltapom- Big  Bar  Tunnel 
Buck  Mo\intain  Damsite 
Dinsmores  Damsite 
Camp  Damsite 
EATON  DAMSITE 
Forks  Damsite 
LARABEE  VALLEY  DAMSITE 
LARABEE  VALLEY  TUNNEL 

Ruth  Damsite 
Ranger  Station  Damsite 
County  Line  Damsite 
Eight  Mile  Damsite 
ANDERSON  FORD  DAMSITE 
Butler  Valley  Damsite 
Lower  Butler  Valley  Damsite 
Blue  Lake  Damsite 
Essex  Damsite 
ANDERSON  FORD  TUNNELS 

Mad  River  Tunnel 
SEQUOIA  DAMSITE 
Island  Mountain  Damsite 
BELL  SPRINGS  DAMSITE 
Woodman  Damsite 

*  See  explanation  at  end  of  table, 


Klamath  River 

I 

Klamath  River 

I 

Klamath  River 

I 

Klamath  River 

I 

Klamath  River 

I 

Klamath  River 

II 

Klamath  River 

I 

Trinity  River 

IV 

Trinity  River 

IV 

Trinity  River 

I 

Trinity  River 

I 

Trinity  River 

III 

Trinity  River 

I 

Trinity  River 

I 

Trinity  River 

I 

Trinity  River  to  Clear  Creek 

II 

Trinity  River  to  Cottonwood 

II 

Creek 

South  Fork  Trinity 

III 

South  Fork  Trinity 

IV 

South  Fork  Trinity 

II 

South  Fork  Trinity 

I 

South  Fork  Trinity 

I 

South  Trinity  to  Trinity 

II 

South  Fork  Trinity 

II 

Van  Duzen  River 

I 

Van  Duzen  River 

I 

Van  Duzen  River 

I 

Vsm  Duzen  River 

III 

Van  Duzen  River 

I 

South  Fork  Van   Duzen  River 

II 

South  Fork  Van  Duzen  to 

II 

Van  Duzen  River 

Mad  River 

I 

Mad  River 

III 

Mad  River 

I 

Mad  River 

I 

Mad  River 

II 

Mad  River 

I 

Mad  River 

IV 

Mad  River 

I 

Mad  River 

I 

Mad  River  to  South  Fork 

I 

Trinity  River 

Van  Duzen  to  Mad  River 

II 

Eel  River 

IV 

Eel  River 

I 

Eel  River 

IV 

Eel  River 

II 
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TABLE  1  (Cont.) 


Damsite  or 
tunnel  location 


Stream 


Status* 


Marshall  Damsite 
Benmore  Damsite 
Willis  Ridge  Damsite 
ENGLISH  RIDGE  DAMSITE 
Garcey  Ranch  Damsite 
Presley  Ranch  Damsite 
UPPER  MINA  DAMSITE 
Mina  Damsite 
DOS  RIOS  DAMSITE 
Jarbow  Damsite 
Etsel  Damsite 
SPENCER  DAMSITE 
UPPER  ETSEL  DAMSITE 
MILL  CREEK  DAMSITE 

FRANCISCAN  DAMSITE 

Branscomb  Damsite 
Elkhorn  Damsite 
EEL-GT.KNN  TUNNEL 

Dos  Rios  Tunnel 
Sequoia  Tunnel 
GARRET  TUNNEL 

MINA  TUNNEL 

ELK  CREEK  TUNNEL 

MILL  CREEK  TUNNEL 
SODA  CREEK  TUNNEL 


Eel  River 
Eel  River 

Upper  l<lain  Stem  Eel 
Upper  Main  Stem  Eel 
Upper  Main  Stem  Eel 
Upper  Main  Stem  Eel 
North  Fork  Eel  River 
North  Fork  Eel  River 
Middle  Fork  Eel  River 
Middle  Fork  Eel  River 
Middle  Fork  Eel  River 
Middle  Fork  Eel  River 
Middle  Fork  Eel  River 
Mill  Creek  Tributary  to 

Middle  Fork  Eel  River 
Short  Creek  Tributary  to 

Fork  Eel  River 
South  Fork  Eel  River 
South  Fork  Eel  River 
Middle  Fork  Eel  to  Glenn 

Reservoir 
Middle  Eel  to  Eel  River 
Eel  River  to  Larabee  Creek 
Eel  River  to  Clear  Lake 

drainage 
North  Fork  Eel  to  Middle  Eel 

drainage 
Middle  Eel  drainage  to  Eel 

River  drainage 
Drainage  for  Round  Valley 
Cache  Creek  to  Putah  Creek 


I 

I 

IV 

II 

II 

I 

I 

II 

II 

I 

IV 

IV 

II 

I 

IV 
IV 

I 
III 

II 
II 
II 

I 

I 

I 
III 


Damsites  of  the  Glenn  Reservoir  Complex 


NEWVILLE  DAMSITE 
PASKENTA  DAMSITE 
MHIiSITE  DAMSITE 
RANCHERIA  DAMSITE 
CHROME  DIKE  DAMSITE 


North  Fork  Stony  Creek 
Themes  Creek 
Stony  Creek 
Stony  Creek 
No  Stream 


III 
III 
III 
III 
III 


Damsites  of  the  West  Side  Feeder  System 


Selvester  Damsite 
Fiddlers  Damsite 
Upper  Pentacola  Damsite 
Lower  Pentacola  Damsite 
Little  Pentacola  Damsite 

*  See  explanation  at  end  of  table, 


Middle  Fork  Cottonwood  Creek 

Middle  Fork  Cottonwood  Creek 

Dry  Creek 

Dry  Creek 

Tributary  to  Dry  Creek 


I 
IV 
II 
II 

II 


-8- 


TABLE  1  (Cont.) 


Damsite  or 
tunnel  location 


Stream 


Status* 


Meadow  Gulch  Damsite 
Saunders  Flat  Damsite 
Trueblood  Damsite 
Long  Gulch  Damsite 
Wildhide  Damsite 
Red  Bank  Damsite 
Cold  Fork  Damsite 
Guyre  Damsite 
McCartney  Damsite 
Bluedoor  Damsite 
Schoenfield  Damsite 
Galatin  Damsite 
Cat  Mdge  Damsite 
Digger  Damsite 


Meadow  Gulch 

Salt  Creek 

Trueblood  Gulch 

Long  Gulch 

Wildhide  Gulch 

Red  Bank  Creek 

Cold  Fork  Creek 

Guyre  Creek 

South  Fork  Cottonwood  Creek 

Worth  Fork  Red  Bank  Creek 

Red  Bank  Creek 

Elder  Creek 

McCartney  Creek 

Digger  Creek 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


*  Damsites 

I  Surficial  reconnaissance  level;  no  geological  mapping;  outline 
office  report. 

II  Detailed  reconnaissance  level;  geological  mapping  included; 
memorandum  report. 

Ill  Preliminary  exploration  level;  detailed  geological  mapping; 

IV  Pre-feasibility  level;  includes  subsurface  exploration;  ccanpre- 
hensive  office  report. 

Tunnels 

I  Reconnaissance  geologic  mapping  of  the  tunnel  area. 

II  Detailed  geologic  mapping  along  a  specific  aligrmient. 

Ill  Alignment  study  included  subsurface  drilling. 

Engineering  Geology  of  the  Ilorth  Coastal  Area 

For  purposes  of  geologic  regionalization,  the  North  Coastal  area 
has  been  subdivided  into  three  regions,  each  with  a  characteristic  assemb- 
lage of  geologic  and  engineering  properties.  These  regions  have  been 
designated  the  Klamath  Mountains,  the  Northern  Coast  Ranges,  and  the  Coast 
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Range  Foothills.  Major  streams  in  the  three  regions  are  the  Eel,  Mad,  Van 
Duzen,  and  Russian  Rivers,  and  the  lower  reaches  of  the  KLamath  River,  for 
the  Northern  Coast  Ranges;  the  Trinity,  Klamath,  and  Smith  Rivers  in  the 
Klamath  Mountains;  and  Clear,  Cottonwood,  Thomas,  and  Stony  Creeks  for  the 
Coast  Range  foothills.  Both  preliminary  and  detailed  geologic  studies 
within  each  of  these  regions  have  disclosed  many  areas  of  uncertainty  which 
bear  directly  on  project  formulating  studies.  Salient  among  these  areas 
of  uncertainty  are  weadc  dam  fo\andations,  poor  tunneling  conditions,  land- 
slide hazards,  the  frequent  shortage  of  suitable  deun  construction  materials, 
and  seizmic  hazards . 

The  geologic  conditions  relating  to  the  feasibility  of  the  proposed 
features  of  this  investigation  can  best  be  considered  under  six  specific 
categories,  namely:  regional  geology,  foiondation  conditions,  construction 
materials,  timneling  conditions,  landslide  conditions,  and  seismicity. 

Regional  Geology 

Klamath  Mountains.  The  Klamath  Mountains  are  located  in  the 
northern  portion  of  the  area  studied  and  constitute  a  province  of  rugged 
mountains  with  the  highest  peaks  reaching  an  altitude  of  9^000  feet.  The 
major  streams  drain  in  a  northwesterly  direction  and  have  incised  deep, 
narrow  canyons  which  generally  cut  across  the  regional  geologic  structure. 

Rock  units  found  in  the  Klamath  Mountains  region  consist  pre- 
dominantly of  metamorphic  and  igneous  rocks  which  are  considerably  older 
than  units  of  the  Northern  Coast  Ranges.  Some  of  the  most  abundant  rock 
types  are  metamorphosed  volcanic  and  sedimentary  rock  including  slate, 
phyllite,  chert,  schist,  and  greenstone.  Igneous  intrusive  rocks  range 
from  granite  to  peridotite,  the  latter  usually  altered  to  serpentine. 

The  Klamath  Mountains  region  has  been  subdivided  into  foiir 
arcuate,  roughly  north- south  trending  belts  which  are  concave  to  the  east. 
The  rock  \inits  range  in  age  from  early  Paleozoic  to  Jurassic.   In  general, 
the  rocks  become  progressively  older  from  west  to  east,  and  the  individual 
belts  are  boxmded  by  high-angle  thrxist  faijlts.  The  four  belts  are  described 
as  follows: 
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1.  The  eastern  Paleozoic  belt  consists  of  mildly  metamorphosed 
igneous  and  sedimentary  strata  ranging  in  age  from  Ordoviciaji  to  Mississippian, 

2.  The  central  metamorphic  belt,  which  is  believed  to  contain  the 
oldest  rocks  of  the  region^  is  composed  of  the  Abrams  and  Salmon  formation. 
Principal  rock  types  are  quartz-mica  schist  (Abrams  formation)  and  hornblende 
schist  (Salmon  formation). 

3.  The  western  Paleozoic  and  Triassic  belt  consists  of  mildly 
metamorphosed  igneous  and  sedimentary  rock  units  which  have  been  collec- 
tively described  in  this  report  as  the  Chanchel\jlla  formation. 

k.     The  western  Jurassic  belt  includes  the  mica  schist,  green- 
schist,  and  moderately  metamorphosed  sedimentary  rock  of  the  Galice  forma- 
tion and  the  South  Fork  Mountain  schist. 

Small,  isolated  areas  within  this  region  are  underlain  by  sedi- 
mentary rocks  of  Cretaceous  and  Tertiary  age.  The  poorly  consolidated 
Tertiary  material  constitutes  an  important  source  of  impervious  fill  for 
the  proposed  earthfill  structures. 

More  regional  geologic  information  is  available  on  the  Klamath 
Mountain  region  than  anywhere  else  in  the  North  Coastal  area,  due  primarily 
to  extensive  mining  activity  around  the  turn  of  the  century.  Detailed 
geologic  information,  applicable  to  interpretation  of  dam  foundation  and 
tunneling  conditions  was  virtually  non-existent  prior  to  the  initiation 
of  the  investigation. 

Northern  Coast  Ranges.  Unlike  the  Klamath  Moxmtains,  the  Northern 
Coast  Ranges  are  geologically  one  of  the  least  explored  regions  of  California 
owing  to  a  lack  of  mineral  resources,  poor  accessibility,  and  complex  geologic 
structure.  Prior  to  the  North  Coastal  Area  Investigation,  even  the  most 
general  geologic  information  was  xonavailable  for  a  major  portion  of  the 
region. 

Topographically,  the  province  is  characterized  by  elongated, 
northwest  trending  ridges  and  valleys  which  are  controlled  by  the  under- 
lying geologic  structiire.  The  drainage  pattern  is  markedly  trellis,  that 
is,  the  major  streams  are  parallel  to  the  structural  grain  of  the  area. 
Zones  of  weakness  such  as  faults  or  crush  zones  are  commonly  important 
factors  in  the  development  of  major  drainage  channels. 
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Virtually  the  entire  region  is  underlain  by  rocks  of  the  Franciscan 
formation  with  the  Eel  River  Valley  and  several  relatively  small,  areas  under- 
lain by  upper  Cretaceous  and  Tertiary  sediments.  Rocks  assigned  to  the 
Franciscan  formation  range  in  age  from  late  Jurassic  to  late  Cretaceous. 
The  formation  is  probably  at  least  25,000  feet  thick,  altho\igh  neither 
the  base  nor  the  top  has  been  recognized. 

Structurally,  the  Franciscan  formation  has  an   extremely  dis- 
ordered appearance.  The  rocks  have  been  so  folded,  faulted,  and  sheared 
that  nearly  every  outcrop  presents  some  structural  complexity.  In  addition 
to  the  complex  structure,  Franciscan  rock  units  occur  characteristically  in 
discontinuoiis  lense- shaped  bodies  and  present  at  first  glance  a  nearly 
chaotic  mass.  Major  structviral  features,  however,  as  well  as  belts  of  rock 
units  or  rock  assemblages,  are  mapi)able  and  locally  may  be  quite  continuous. 
The  prevalent  orientation  of  Franciscan  units  is  roughly  Ni4-0W  with  an  east- 
ward dip.  The  large  scale  structures  seem  to  consist  of  open  folds  cut  by 
strike-slip  faults  which  are  nearly  parallel  to  the  Saji  Andreas  fault  system. 
Major  faults  form  wide  zones  containing  blocks  of  competent  rock  in  a  sheared 
ground  mass. 

The  Franciscan  formation  is  generally  divided  into  three  broad 
belts  —  the  Coastal,  Central,  and  the  Eastern  or  Metamorphosed  belt.  The 
Coastal  belt  is  believed  to  be  the  yoxongest,  probably  of  Cretaceous  age, 
and  consists  predominantly  of  unmetamorphosed  sedimentary  rock.  Sandstone, 
shale,  and  conglomerate  constitute  about  95  percent  of  the  entire  unit. 

The  Central  Franciscein  belt  consists  of  a  great  variety  of  rock 
types  and  is  generally  extremely  complex  structurally.  In  addition  to 
sandstone,  shale,  conglomerate,  and  greenstone,  the  following  rock  types 
are  dispersed  throughout  the  belt  though  they  constitute  a  small  portion 
of  the  whole  —  chert,  limestone,  glaucophane  schist,  serpentine  and  asso- 
ciated xjltrabasic  rock. 

The  metamorphosed  or  the  Eastern  belt  appeaxs  to  contain  mildly 
metamorphosed  eq\iivalents  of  the  Coastal  belt.  Most  common  rock  types  are 
slate,  phyllite,  quartz-mica  schist,  and  foliated  sandstone.  Igneoxis  rock 
is  generally  scarce  but  may  attain  considerable  importance  locally. 
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Landsliding  on  both  large  and  small  scale  is  widespread  throughout 
the  Northern  Coast  Ranges.  The  terrain  underlain  by  severely  folded,  faulted, 
and  crushed  rock  has  developed  a  distinct  type  of  landsliding,  i.e.,  the 
earthflow  type.  The  depth  of  an  earthflow  slide  is  generally  quite  shallow 
as  compared  to  its  areal  extent,  and  resistant  knobs  of  in- place  bedrock 
commonly  protrude  through  the  slide  debris.  Large  scale  sliding  is  well 
illustrated  along  the  Eel  River  Canyon,  and  is  characterized  by  nearly 
continuous  quasi  stable  grass  covered  slopes. 

The  total  volume  of  unstable  material  along  the  slopes  of  the 
major  streams  in  the  basin  is  so  great  that  it  constitutes  a  major  hazard 
for  potential  reservoir  construction.  Large  scale  sliding  could  reduce 
the  storage  capacity  of  several  proposed  reservoirs  by  as  much  as  10  percent 
as  well  as  create  the  danger  of  embankment  overtopping  by  landslide-caused 
tidal  waves. 

The  thickest  and  most  extensive  accumxilation  of  soil  and  slope- 
wash  is  found  in  areas  underlain  by  crushed  incompetent  material  such  as 
sheared  shale  or  zones  of  faulting.  Near  the  tops  of  the  ridges  weathering 
has  progressed  to  a  considerable  depth  and  thick  deposits  of  residual  soil 
are  common.  In  contrast  to  the  serai-stable  side  slopes,  areas  of  residual 
soil  are  generally  covered  by  dense  vegetation. 

Coast  Range  Foothills.  The  Coast  Range  foothills  have  a  low  to 
moderate  topographic  relief,  with  the  highest  ridges  at  elevations  of  2,000 
to  2,500  feet  above  sea  level.  The  foothills  are  bounded  on  the  west  by  the 
Northern  Coast  Ranges  and  on  the  north  and  east,  respectively,  by  the  Klamath 
Mountains  emd  the  Sacramento  Valley.  The  region  is  underlain  by  two  major 
geologic  units ,  the  Cretaceous  bedrock  series  and  the  Tertiary-Tehama  forma- 
tion. The  bedrock  series  have  a  relatively  uniform  north  to  northwest  strike 
and  dip  to  the  east.  Rock  types  include  mudstone,  shale,  sandstone,  and 
conglomerate  listed  in  the  order  of  relative  abundance.  The  Tehama  formation 
consists  of  an  accumulation  of  continental  flood  plain  sediments  of  Pliocene 
age.  The  Tehama  sediments  have  a  very  gentle  eastward  dip  and  consist  of 
poorly  sorted,  virtually  unconsolidated  silts,  clay-silts,  sands,  and  clayey 
gravels . 
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The  geologic  structure  is  readily  reflected  in  the  topographic 
expression  of  the  Coast  Remge  Foothill  region  and  two  distinct  drainage 
patterns  have  developed  on  the  two  contrasting  geologic  units.  Areas  under- 
lain by  bedrock  show  a  marked  parallel  alignment  of  dr-ainage  which  is  con- 
trolled by  the  geologic  structiire.  Rapid  erosion  of  the  unconsolidated 
flat-lying  Pliocene  sediments  has  caused  the  development  of  an  intricate 
feather-like  drainage  pattern. 

Foundation  Conditions 

Klamath  Mountains.  Of  the  three  geologic  regions  under  study  in 
the  North  Coastal  Area  Investigation,  the  Klamath  Mountains  have  generally 
provided  the  most  favorable  dam  foundation  conditions.  Most  damsites  are 
in  hard,  competent  igneous  and  metamorphic  rock  and  appear  to  be  satisfactory 
for  construction  of  high  earth-  and  rockfill  structures.  The  intensity  of 
weathering  and  fracturing  is  highly  variable;  however,  overall  the  depth  of 
overburden  is  shallow  and  does  not  appear  to  present  any  unusual  construc- 
tion difficulties.  Several  sites  are  located  on  hard,  extremely  resistant 
intrusive  igneous  rocks  and  appear  to  be  suitable  for  concrete  gravity  or 
possibly  arch  dams. 

Poor  foundation  conditions  in  the  region  are  confined  to  relatively 
narrow  fault  zones  and  altered  sheared  rock  such  as  serpentine.  All  damsites 
but  one  (ELtapom  damsite.  South  Fork  Trinity  River)  in  the  Klamath  Mountains 
region  avoid  the  areas  of  weak  rock  and  will  be  founded  on  excellent  founda- 
tion rock. 

Northern  Coast  Ranges.  Virtually  all  damsites  proposed  within  the 
Northern  Coast  Ranges  are  underlain  by  rock  types  of  the  Franciscan  formation 
which  provide  some  of  the  poorest  foundation  conditions  within  the  State. 
The  rock  is  generally  extensively  fractured,  sheared,  and  brecciated  so  that 
areas  of  relatively  competent  rock  are  of  limited  extent  and  are  usioally 
surroxuided  by  crushed,  highly  deformed  material.  Least  resistant  rock  units 
such  as  shale  and  serpentine  have  suffered  the  most  and  have  often  been 
reduced  to  a  clayey  mass  interspersed  with  blocks  of  harder  rock.  Faulting 
in  the  region  follows  the  northwestern  trend  roughly  parallel  to  the  San 
Andreas  fault  system  and  is  extremely  widespread.  All  proposed  sites  in 
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the  Northern  Coast  Ranges  are  located  within  a  short  distance  of  major  fault 
zones  and  foundations  of  several  sites  are  cut  by  faults. 

The  intensity  of  weathering  in  the  Northern  Coast  Ranges  is  very 
high  owing  to  incompetent  rock,  closely  spaced  fractures,  and  relatively 
high  precipitation.  The  canyon  slopes  are  usually  overlain  by  a  thick 
mantle  of  residual  soil,  slopewash,  talus,  and  unstable  landslide  debris 
which  vn.ll  have  to  be  stripped  from  the  proposed  dam  foundations  to  provide 
a  satisfactory  surface  for  placement  of  fill. 

The  scarcity  of  competent  foundation  rock  and  the  general  instabil- 
ity of  slopes  makes  damsite  location  within  the  i^orthern  Coast  Ranges  an 
extremely  difficult  problem. 

Coast  Range  Foothills.  Foundation  conditions  in  the  Coast  Range 
Foothills  are  generally  adequate  for  construction  of  earthfiU  dams.  Resis- 
tant rock  units  of  the  Cretaceous  bedrock  series  such  as  sandstone  and  con- 
glomerate provide  the  best  foundations.  Mudstones  and  shales  are  much  more 
susceptible  to  weathering  and  are  less  desirable  but  nevertheless,  provide 
an  adequate  foimdation  for  fill  dams.  The  depth  of  overburden  in  the 
Cretaceous  rock  is  generally  quite  shallow  and  landslides  are  infrequent  and 
of  minor  importance. 

The  poorly  consolidated  sediments  of  the  Tehama  formation  will 
provide  fair  foundations  for  low  earthfill  structiores  planned  as  part  of 
the  Westside  Feeder  System.  Leakage  through  pervious  lenses  or  interbeds 
along  with  uplift  due  to  seepage  forces  appear  to  be  the  most  serious  con- 
struction problems  in  the  Tehama  formation. 

Construction  Materials 

Klamath  Mountains.   Impervious  construction  materials  near  the 
proposed  dams  on  the  Trinity  and  South  Fork  Trinity  Rivers  consist  of  Tertiary 
sediments  and  recent  accumvilations  of  slopewash  and  residual  soil.  The 
Tertiary  sediments  of  the  Weavervllle  formation  will  provide  the  bulk  of  the 
impervious  fill  for  ELtapom  and  Helena  damsites,  while  the  Burnt  Rsmch  and 
Ironside  dams  will  utilize  residual  soil  and  slopewash  in  the  impervious 
sections. 


-15- 


Hard,  resistant  igneous  and  raetamorphic  rock  units  located  near 
the  proposed  sites  vill  furnish  ample  quantities  of  high  quality  rockfill 
and  riprap. 

AJJLuvieuL  sand  and  gravel  in  the  chsmnels  of  major  streams  along 
with  dredger  tailings  from  gold  mining  operations  are  the  only  readily 
available  sources  of  pervious  fill.  Sufficient  quantities  for  filter  zones 
and  concrete  aggregate  for  appurtenant  structures  have  been  outlined  during 
the  reconnaissance  study. 

Northern  Coast  Ranges.  Impervious  materials  in  the  Northern  Coast 
Ranges  consist  of  soil,  slopewash,  terrace  deposits,  and  landslide  debris 
derived  from  weathering  of  Franciscem  rock  types.  Preliminary  exploration 
test  results  show  considerable  variation  in  the  physical  properties  and 
indicate  that  selective  excavation  will  be  required  to  obtain  suitable 
embankment  material. 

Pervious  materials  for  use  in  filters  and  drains  for  the  proposed 
rockfill  or  earthfill  structures  are  in  short  supply.  The  materials  consist 
of  discontinuous  lenses  of  alluvium  corJ'ined  to  the  channels  of  the  major 
streams.  These  gravels  are  also  the  only  readily  available  source  of 
concrete  aggregate. 

Rockfill  materials  consist  of  sandstone  and  greenstone.  Areas 
of  competent  rock  are  usually  of  limited  extent  so  that  several  separate 
quarries  must  be  developed  in  order  to  obtain  sufficient  volume  of  rockfill 
for  a  large  dam.  Sandstone  of  the  Franciscan  group  is  often  thinly  bedded 
and  contains  interbeds  or  lenses  of  shale  that  will  tend  to  break  into  small 
sizes  when  quarried. 

Coast  Range  Foothills.  Impervioiis  construction  materials  in  the 
Coast  Range  Foothills  consist  of  weathered  bedrock  and  the  unconsolidated 
sediments  of  the  Tehama  formation.  Soil  and  slojiewash  derived  from  mudstone 
and  shale  are  present  only  in  very  limited  quantities  and  should  be  used 
only  where  the  Tehama  formation  materials  are  unavailable.  The  Tehama  sedi- 
ments consist  predominantly  of  silty  clay  and  clayey  gravel  and  are  well 
suited  for  impervious  to  semi-pervious  fill.  Virtxially  every  large  damsite 
in  the  Coast  Plange  Foothills  is  within  a  reasonable  distance  of  this  source. 
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Pervious  materials  suitable  for  filters  and  drains  as  well  as 
concrete  aggregate  are  in  very  short  supply.  Extensive  pervious  deposits 
are  located  only  in  the  channels  of  major  streams  and  the  total  quantity 
of  local  stream  alluvium  appears  to  be  insufficient  for  the  construction 
of  the  proposed  projects.  Additional  pervious  materials  can  be  imported 
from  the  Sacramento  River  channel. 

Rockfill  sources  consist  of  thin,  beds  and  lenses  of  sandstone 
and  conglomerate  which  will  fiirnish  only  limited  quantities  of  suitable 
material.  Few  damsites  in  the  foothills  have  been  considered  for  rockfill 
structures  owing  to  the  scarcity  of  quarry  rock. 

Tunneling  Conditions 

Tunneling  conditions  as  compiled  for  this  report  are  to  be  used 
only  in  preliminair/-  planning  and  design.  Geologic  conditions  and  rock  load 
factor  assigned  to  various  tunneling  zones  are  described  in  Department  of 
Water  Resources  Bxilletin  78,  Appendix  C,  entitled  "Procedure  of  Estimating 
Costs  of  Tunnel  Construction" .  The  tunneling  cost  curves  included  in 
Biolletin  No.  7S  were  used  for  preliminary  estimates  of  the  Worth  Coastal 
area  tunnels. 

Klamath  Mo-untains.  Tunneling  conditions  in  the  Klamath  Moimtains 
will  generally  be  quite  favorable.  No  unusual  tunnel  driving  difficulties 
are  anticipated  in  the  igneous  or  metamorphic  rock  types.  The  average  condi- 
tions will  vary  from  massive,  moderately  fractured  to  schistose  and  moder- 
ately blocky  and  seamy.  Unfavorable  tunneling  will  be  encountered  only  in 
fault  zones  and  in  serpentine.  This  material  will  range  from  very  blocky 
and  seamy  to  completely  crushed  and  heaAry  steel  support  will  be  required. 
Faults  and  serpentine  are  foiond  in  relatively  narrow  zones  and  shoxild 
constitute  a  minor  portion  of  the  total  tunnel  length.  Inflow  of  ground 
water  into  tunnels  in  the  Klamath  Mountains  will  generally  be  moderate. 
Highest  inflow  will  occur  in  brecciated  zones  under  considerable  depth  of 
cover. 

Northern  Coast  Ranges.  Tunneling  conditions  in  the.  Northern  Coast 
Ranges  will  be  highly  unfavorable  and  considerable  construction  difficulties 
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are  anticipated.  Rock  vinits  of  the  Franciscan  group  have  been  intensely 
fractured  and  sheared  and  have  been  locally  reduced  to  a  clay  gouge.  The 
best  tunneling  conditions  will  be  encountered  in  areas  of  high  sandstone- 
shale  ratio,  or  in  greenstone.  Areas  of  moderately  fractured,  relatively 
competent  rock  are  of  limited  extent  and  \-dll   affect  only  a  minor  portion 
of  the  proposed  t\innels.  The  major  portions  of  the  North  Coast  Range 
timnels  will  penetrate  thinly  bedded,  closely  fractured  sandstone  and  shale. 
Tunneling  conditions  in  this  material  are  expected  to  be  /ery  blocky  and 
seamy  to  completely  crushed.  Closely  spaced  steel  ribs  will  be  required  in 
this  material.  The  greatest  tunneling  difficulty  will  be  encountered  in 
fault  zones,  sheared  shale,  and  in  serpentine.  Tunneling  conditions  in 
these  zones  will  be  completely  crushed.  Crushed,  gougy  material  is  expected 
to  act  as  squeezing  ground  under  a  moderate  depth  of  cover  necessitating 
circular  yielding  steel  ribs  or  invert  support.  Although  relatively  minor 
portions  of  the  proposed  Northern  Coast  Ranges  tunnels  will  penetrate  zones 
of  highly  incompetent  crushed  rock,  the  cost  of  tunneling  in  these  zones 
may  constitute  a  significant  percentage  of  the  total  tunneling  cost.  The 
inflow  of  water  into  the  proposed  Coast  Ranges  timnels  is  expected  to  be 
moderate  to  high.  The  highest  inflows  will  occur  in  cnoshed  and  brecciated 
rock  where  the  water  is  able  to  percolate  downward  through  interconnected 
fractures . 

Coast  Range  Foothills.  No  tunnels  have  been  planned  in  the  Coast 
Range  Foothills.  Tunneling  conditions  in  the  Cretaceous  bedrock  \nA  1  be 
stratified  to  slightly  blocky  under  moderate  depths  of  cover. 

Landslide  Conditions 

One  of  the  most  noticeable  topographic  characteristics  of  the 
North  Coastal  area  is  the  large  number  of  landslides.  In  addition  to  the 
literally  thousands  of  relatively  small  slides,  some  of  very  large  magni- 
tude have  been  observed.  Over  200  of  these  slides  have  been  studied  and 
mapped  along  the  Eel  River  system  to  obtain  an  estiioate  of  the  volume  of 
material  that  could  move  into  the  proposed  reservoirs.  Most  of  the  slides 
are  slow-moving  earth  flows  or  "mud  glaciers"  which  would  gradually  reduce 
storage  capacities  of  reservoirs.  However,  under  full  reservoir  conditions. 
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followed  by  rapid  drawdown,  the  saturated  toes  of  the  slides  cotild  move  more 
rapidly  and  possibly  generate  waves  of  sufficient  magnitude  to  damage  earthen 
dams . 

A  more  comprehensive  discussion  of  landslides  along  the  Eel  River  and 
Middle  Fork  Eel  River  is  presented  in  Volume  II  as  Attachment  B,  "Engineering 
Geology  of  Landslides  along  the  Eel  River" .   This  report  describes  the  nature 
of  the  Eel  River  slides  and  presents  data  on  volumes  of  slide  material  and 
loss  of  storage  capacity  for  each  of  several  reservoirs  proposed. 

Seismicity 

The  seismicity  of  an  area  is  a  measure  of  seismic  activity  per  unit 
time.  Most  accounts  of  seismicity  have  been  general  discussions  of  the  size 
and  number  of  earthquakes  in  an  area  during  the  time  of  historical  record. 
Two  quantitative  values  are  used  to  define  the  size  of  an  earthquake: 

Magnitude .  Magnitude  is  a  number  derived  from  measurements  of 
records  from  seismic  instrumentation.   The  largest  earthquakes  have  magnitudes 
near  8-3/^^  the  smallest  measured  with  sensitive  seismic  equipment  near  the 
source  is  about  -2.   Two  scales  are  used  in  this  country.   The  Richter  Magnitude 
is  used  here  and  throughout  the  world  except  by  the  U.  S.  Coast  and  Geodetic 
Survey.   Their  scale  is  similar  for  distant  earthquakes. 

Intensity.   The  intensity  of  damage  in  cultural  areas  ranges  from  I  to 
XII.   These  values  represent  "barely  perceptible"  to  "total  destruction".   The 
maximum  intensity  observed  may  be  roughly  correlated  to  a  magnitude  (see  Richter 
1958,  Page  353^  or  Giunensky,  1957).  The  modified  Mercalli  scale  is  used  in  this 
coimtry,  the  Mercalli  -  Cancani  -  Sieberg  scale  in  Europe.   They  are  similar  scales, 

For  localities  and  times  where  seismic  instrumentation  is  unusually 
plentiful,  quantitative  seismicity  maps  have  been  constructed.   They  are  in  terms 
of  energy  released  per  unit  area  per  \init  time  or  numbers  of  earthquakes  within 
a  specific  range  of  magnitudes  per  unit  time  per  unit  area.   Energy  released  is 
derived  from  a  theoretical  formula  which  has  been  modified  by  seismic  observa- 
tions of  nuclear  explosions  of  known  yields .   A  quantitative  contoured  seismicity 
map  for  this  region  was  presented  by  Niazi,  I96U. 

Except  for  the  Eureka  area,  earthquakes  in  the  North  Coastal  area  are 
infrequent  as  compared  to  other  areas  of  the  State.   Those  which  have  occurred 
are  of  low  to  moderate  intensity  but  records  are  often  poor  because  of  the  lack 
of  sufficient  instruments  throughout  the  area.   Observations  on  the  effects 
of  earthquakes  which  are  needed  to  rate  intensities  are  also  poor  because  the 
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interior  areas  have  been  so  sparsely  populated  in  the  past.  Most  of  the 
recorded  earthquakes  occur  along  the  coastal  areas  particularly  off  the 
coast  of  Eureka.  Another  center  of  minor  activity  is  in  the  Clear  Lake 
region.   Plate  2  shows  the  epicenters  of  earthquakes  which  have  a  Richter 
Magnitude  of  k   or  greater  for  the  period  193^  to  ly6l.   Some  large  magnitude 
earthquakes  which  occurred  prior  to  193^  are  also  shown.  Major  damsites 
studied  during  this  investigation  are  plotted  to  show  locations  relative 
to  active  areas . 

Most  of  the  earthquakes  along  the  coast  are  related  to  activity 
along  the  San  Andreas  fault,  the  only  known  active  fault  in  the  North  Coastal 
area.   Although,  as  is  generally  believed,  accumulation  of  strain  in  the 
earth's  crust  along  the  San  Andreas  fault  is  caused  by  a  northward  movement 
of  the  California  Coast  (west  of  the  fault),  it  is  not  known  if  similar 
forces  are  acting  along  the  interior  paralleling  faiilts  (see  Plate  2) . 

Although  historic  data  are  poor  and  location  of  epicenters  are  not 
accurate  for  many  isolated  shocks,  some  generalisations  of  seismicity  are 
possible  in  each  of  three  provinces  —  The  Klamath  Mountains,  Northern  Coast 
Ranges,  and  Coast  Range  Foothills.   C.  F.  Richter  (Richter  1959)  has  divided 
the  State  into  several  seismic  regions  based  on  the  expected  probable  maximum 
seismic  intensity  as  meas\ired  on  the  Modified  Mercalli  scale  of  intensity. 
Values  assigned  to  the  various  areas  apply  to  the  predominant  rock  type.   Local 
alluvial  fill  areas  in  a  mountainous  area,  for  example,  might  have  higher 
seismic  intensity. 

Klamath  Mountains .   The  Klamath  Mountains  province  is  an  area  of 
low  seismicity  as  compared  to  other  areas  in  the  North  Coast.   C.  F.  Richter 
places  the  Klamath  Mountains  in  the  category  of  lowest  expected  probable 
maximum  seismic  intensity,  which  is  VI.  On  the  Modified  Mercalli  scale,  VI 
is  described  as:   "Felt  by  all;  many  frightened  and  run  outdoors;  falling 
plaster  and  chimneys;  damage  small".  According  to  Gumensky's  correlation 
chart  of  intensity  and  magnitude  scale  (Giimensky  1957),  an  earthquake  of 
intensity  VI  would  approximately  correspond  to  5  on  the  Richter  scale,  and 
ground  accelerations  could  be  slightly  over  0.06g.  Plate  2  shows  the 
epicenters  of  a  few  earthquakes  of  this  magnitude  and  less,  which  have  occvirred 
during  the  period  193^  to  I96I. 

Northern  Coast  Ranges.  Most  of  the  Northern  Coast  Ranges  province, 
north  of  Clear  Lake,  is  considered  slightly  more  active  than  the  Klamath 
Mo-untains.  According  to  C.  F.  Richter 's  seismic  regionalization  map,  the 
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expected  maximiim  probable  seismic  intensity  is  VII.   On  the  Modified  Mercalli 
scale,  VII  is  described  as:   "Everybody  runs  outdoors;  damage  to  buildings 
varies,  depending  on  quality  of  construction;  noticed  by  drivers  of  automobiles". 
The  coastal  area  near  the  San  Andreas  fa\ilt  and  the  Eureka  area  are  in  intensity 
zone  VIII.  As  shown  on  Plate  2,    several  earthquakes  of  magnitude  6  and 
greater  have  occurred  off  the  coast.   In  the  interior  mountainous  areas, 
earthquakes  of  a  magnitude  greater  than  5  have  not  been  recorded  but  major 
earthquEikes  in  the  Eureka  area  could  occur  and  trigger  damaging  rock  and 
landslide  areas  in  the  interior;  hence,  accelerations  of  up  to  O.lg  could  be 
expected.   Ground  accelerations  in  areas  close  to  Eureka  could  no  doubt  exceed 
O.lg. 

Coast  Range  Foothills.   This  area  is  similar  seismologically  to  most 
of  the  Northern  Coast  Range.   Earthquakes  are  infrequent  and  of  low  to 
moderate  intensity.   The  expected  maximum  probable  seismic  intensity  of  VII 
would  apply  to  consolidated  rocks  of  Cretaceous  age.   Higher  intensities  could 
be  expected  on  alluvial  fill  areas  found  toward  the  center  of  the  valley. 
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CHAPTER  II.  MIDELE  FORK  EEL  RIVER  PROJECTS 

The  engineering  geology  of  possible  projects  on  the  Middle  Fork 
Eel  River  is  discussed  in  this  chapter.  The  projects,  shown  on  Plate  1, 
include  Dos  Rios  Dam  and  Reservoir,  Spencer  Dam  and  Reservoir,  Franciscan 
Dam,  and  the  Eel-Glenn  and  Flk  Creek  Tvumels.  Geologic  maps,  cross 
sections,  and  location  of  construction  materials  for  these  projects  are 
shown  on  Plates  3  through  8. 

Projects  considered  as  alternatives  and  as  additions  to  the 
above,  such  as  Hill  Creek  Dam,  have  not  been  as  thoroughly  investigated 
as  the  featiired  projects.  These  other  projects  are  discussed  herein, 
but  no  maps  are  included.  These  projects  include  Upper  Mina  Dam  and 
I4ina  Tunnel,  which  would  divert  water  to  Spencer  Reseirvoir,  Upi)er  Etsel 
Dam,  Mill  Creek  Dam,  and  Mill  Creek  Tunnel  (Round  Valley  drainage  tunnel). 

Other  damsites  which  were  investigated,  but  are  not  being 
further  considered  because  of  poor  foundation  conditions,  are  tabulated 
at  the  end  of  this  chapter  in  Table  6.  These  damsites  include  Lower 
Etsel  and  Jarbow  on  the  Middle  Fork  Eel  River. 
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Dos  Rios  Damsite 

Dos  Rios  Reser'.'-oir  would  permit  diversion  of  surplus  waters 
from  the  Middle  Fork  Eel  River  to  the  Sacramento  River  drainage  via  the 
Eel-Glenn  Tunnel  or  into  the  Clear  Lake  drainage  via  Elk  Creek  t\mnel 
and  English  Ridge  Reservoir  and  the  Garrett  Tunnel  as  shown  on  Plate  1. 

The  investigation  of  Dos  Rios  damsite  consisted  of  reconnais- 
sance geologic  mapping  of  the  site,  the  proposed  spillway,  and  recon- 
naissance of  the  potential  borrow  areas.  Plate  3  shows  the  geology  of 
Dos  Rios  damsite  and  Plate  6  shows  the  locations  of  various  types  of 
construction  materials. 

Location  and  Access 

Dos  Rios  damsite  is  located  in  Sections  h-   and  9,  TZLN,  R13iW, 
IviDB&J4,  about  2  miles  upstream  from  the  confluence  of  the  14iddle  Fork 
Eel  River  with  the  main  Eel.  Topography  is  shown  on  the  Laytonville 
quadrangle,  published  by  the  U.  S.  Geological  Svirvey  at  a  scale  of 
1:62,500  and  a  contour  interval  of  50  feet.  Geologic  mapping  of  the 
site  was  done  on  Department  of  Water  Resources'  photogi-ammetric  contoiir 
maps  with  a  scale  of  1  inch  to  li-OO  feet  and  1  inch  to  100  feet  and  with 
a  contour  interval  of  20  feet.  Geologic  mapping  of  the  borrow  areas  was 
done  on  an  enlargement  of  the  USGS  quadrangle  sheet  with  a  scale  of 
1:2U,000. 

The  site  is  easily  accessible  by  the  Longvale-Covelo  Road  which 
passes  across  the  right  abutment  at  an  elevation  of  about  1,600  feet. 
The  crest  of  the  left  abutment  can  be  reached  by  an  abandoned  logging 
road. 

Foundation  Conditions 

Pdght  Abutment.  The  right  abutment  has  an  average  slope  of 
abovrt  35°.  The  topography  near  the  axis  and  in  the  upstream  toe  area 
is  relatively  uniform  with  few  shallow  canyons.  In  the  downstream  toe 
area,  the  abutment  slope  is  dissected  by  many  irregiiLar  ravines  with 
nearly  vertical  to  overhanging  cliffs  near  the  stream  channel. 
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The  abutment  is  underlain  by  Franciscan  grayvacke  sandstone 
with  interbeds  of  blacky  carbonaceous  shale  (see  Plate  3).  The  approxi- 
mate ratio  of  sandstone -shale  observed  along  the  stream  channel  is 
85:15-  The  grayvacke  sandstone,  exposed  in  the  channel  section,  is  a 
hard,  fine-grained  and  highly  resistant  unit.  Interbeds  of  shale  are 
usually  thin  and  not  continuoiis  over  a  distajice  of  more  than  a  hundred 
feet.  Shale  lenses  are  often  crushed  and  deformed,  owing  to  their 
relatively  incompetent  nature  as  compared  to  the  sandstone.  Along 
several  shear  zones  in  the  channel,  the  shale  is  crushed  and  altered 
to  a  clayey  gouge  with  very  little  apparent  shear  strength.  However, 
gouge  seams  are  local  and  discontinuous  and  do  not  detract  from  the 
overall  foxHidation  stability. 

The  strike  of  the  strata  varies  from  N6O-7OW  in  the  downstream 
toe  area  to  about  N30-i4-OW  near  the  axis  to  nearly  east-west  in  the  up- 
stream portion  of  the  proposed  dams.  The  bending  of  the  strike  suggests 
a  broad  warp.  The  dip  of  the  strata  is  to  the  southwest,  generally  at 
a  very  steep  angle.  The  dips  appear  to  be  somewhat  steeper  in  the  up- 
stream portions  of  the  site. 

No  faults  of  any  consequence  were  mapped  on  the  right  abutment. 
Several  shears  were  noted,  confined  primarily  to  less  resistant  shale 
interbeds . 

The  following  three  prominent  joint  sets  were  recognized  along 
the  right  channel  section. 

1.  Bedding  joints  -  parallel  to  dip  and  strike  of  the 
strata.  Attitude  varies  from  N30W  to  nearly  east-west,  dipping 
steeply  to  the  south  and  southwest  40°  to  80°.  Joint  spacing 
averages  1  to  2  feet. 

2.  Joints  essentially  parallel  to  the  strike  of  the  sedi- 
mentary rock,  but  with  an  opposite  dip  -  this  joint  set  was 
observed  along  the  entire  right  channel  and  appears  to  be  very 
persistent  in  the  foundation  area.  The  strike  of  these  joints 
varied  from  W3OW  to  east-'icst  and  the  dip  from  kO°   to  80°,  to 
the  north  and  northeast. 
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3.  Joints  normal  to  the  strike  -  this  appears  to  be  the 
most  prominent  set  of  fractures  although  not  as  closely  spaced 
as  the  other  two  sets.  Joint  spacing  is  on  the  average  about 
10  feet.  A  number  of  gullies  on  both  abutments  are  controDJLed 
by  this  joint  set.  Slickenside  was  noted  on  some  of  the  more 
prominent  fracture  planes  indicating  a  certain  amoiont  of 
shearing. 

Nearly  all  joints  in  the  channel  section  are  quite  tight  and 
show  little  weathering  or  alteration.  Several  joints  contained  small 
seeps  at  the  base  of  the  abutment.  Higher  on  the  abutment  the  joints 
are  open  to  a  considerable  depth  in  deeply  weathered  rock,  probably  as 
much  as  50  feet  normal  to  the  slope. 

Outcrops  of  fresh  rock  are  confined  to  the  lower  100  feet  of 
the  right  abutment  vrLth  the  remainder  of  the  abutment  slope  partially 
covered  by  soil  and  colluvium.  The  intensity  of  weathering  of  the  founda- 
tion rock  near  crest  elevation  is  well  illustrated  in  road  cuts  along 
the  Covelo  Road.  The  intensity  of  weathering  on  the  right  abutment  is 
generally  somewhat  more  pronounced  than  on  the  opposite  slope.  The 
right  abutment  faces  south,  receiving  the  maximum  of  simlight,  and 
hence  experiences  the  highest  daily  temperature  fluctuations.  These 
conditions  promote  mechanical  breakdown  of  the  stratified  sandstone  and 
result  in  accumulation  of  talus  and  slopewash. 

Foundation  preparation  on  the  right  abutment  under  the  imper- 
vious section  will  require  stripping  of  soil,  slopewash,  talus,  and 
loose  rock  in  addition  to  removal  of  10  feet  of  weathered  rock  or  an 
overall  average  of  15  feet.  The  lower  75  to  50  feet  of  the  abutment 
slope  are  not  covered  by  colluvium  or  soil,  but  will  require  extensive 
hardrock  shaping  to  provide  an  even  surface  for  placement  of  impervious 
fill.  About  5  feet  of  irregular  sandstone  cliffs  will  be  removed  in 
this  ^inteiwal. 

Interbeds  of  sheared,  weathered  shale  and  minor  shear  zones 
will  require  over-excavation  in  the  cutoff  section  to  a  depth  of  3  to 
5  feet  and  will  be  filled  with  concrete.  This  dental  work  is  expected 
to  constitute  a  very  minor  increment  of  the  overall  foundation  preparation. 
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Foundation  stripping  under  the  rockfill  portion  will  consist  of  excavation 
of  all  soil,  colluviuin,  and  talus,  and  will  average  about  5  feet  overall. 

Channel .  The  width  of  the  stream  channel  at  Dos  Rios  damsite 
averages  about  I50  feet.  At  the  time  the  site  was  initially  mapped 
(April  1962)  virtually  the  entire  channel  section  was  \mder  water.  In 
late  summer  and  fall,  the  streamflow  diminishes  considerably  and  the 
width  of  flowing  water  becomes  much  less. 

Outcrops  are  confined  to  the  base  of  the  abutments  extending 
only  a  short  distance  into  the  stream  channel  which  is  filled  with 
alluvial  sand  and  gravel.  At  no  point  are  outcrops  continuous  across 
the  channel;  however,  attitudes  of  the  strata  appear  to  be  in  concordance 
on  both  sides  of  the  river  and  there  appears  to  be  no  fault  hidden  under 
the  alluvial  fill.  Based  on  this  evidence,  the  channel  is  believed  to  be 
underlain  by  hard,  stratified  sandstone  with  thin  shale  interbeds. 

No  estimate  of  the  depth  of  fill  could  be  made  owing  to  high 
water.  However,  in  a  previous  reconnaissance  study  average  depth  of  fill 
was  estimated  at  15  feet  with  a  maximum  of  2^  feet  in  scour  or  potholes. 

Stripping  in  the  stream  channel  under  the  cutoff  section  will 
consist  of  removal  of  all  stream  alluvium  in  addition  to  5  feet  of  loose 
and  weathered  rock.  Shaping  of  the  irregular  bedrock  surface  will  be 
required  to  insure  proper  contact  of  impervious  fill  with  foundation 
rock.  Interbeds  of  sheared  gougy  shale  should  be  excavated  to  a  depth 
of  about  3  feet  and  filled  with  concrete. 

Stripping  under  the  rockfill  section  will  consist  of  removal 
of  the  stream  alluvium  and  accumulations  of  loose  weathered  material  at 
the  base  of  the  abutments.  Although  the  alluvium  should  not  endanger  the 
overall  dam  stability,  it  should  be  removed  to  facilitate  insi)ection  of 
the  underlying  bedrock. 

Left  Abutment.  The  left  abutment  has  a  relatively  even  slope, 
averaging  about  35°^  tiut  by  a  ni;imber  of  shallow  ravines  or  notches.  The 
abutment  slope  faces  north  and  receives  the  minimum  of  direct  sunlight, 
resulting  in  moderate  daily  temperature  variations.  Under  these  condi- 
tions the  foundation  rock  is  not  subjected  to  intense  mechanical  breakdown 
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and  has,  therefore,  only  patches  of  shallow  residual  soil  and  virtually 
no  colluvium  or  talus  in  contrast  to  the  right  abutment  which  is  covered 
by  extensive^  although  shallow,  colluvium.,  The  left  abutment  has  a 
moderate  vegetation  cover  which  consists  primarily  of  brush  and  pine  trees. 

Outcrops  are  continuous  from  the  channel  to  the  proposed  dam 
crest.  It  was  estimated  that  rock  is  exposed  on  about  80  percent  of  the 
abutment  slope.  Rock  types,  shears,  joints,  and  other  geological  features 
are  identical  to  the  right  abutment. 

Foundation  preparation  on  the  left  abutment  will  consist  of 
the  following: 

1.  Impervious  section:  Stripping  under  the  impervious 
section  will  require  removal  of  all  soil  and  loose  rock  in  addi- 
tion to  about  10  feet  of  weathered  and  jointed  sandstone  --  an 
average  depth  of  12  feet.  Interbeds  of  sheared  shale,  promi- 
nent crevices,  and  shear  zones  will  be  over-excavated  about 

3  feet  below  cutoff  and  filled  with  concrete. 

Virtually  continuous  rock  exposures  will  not  permit  opera- 
tion of  crawler  dozers  on  the  left  abutment.  Nearly  all  strip- 
ping will  be  accomplished  by  hardrock  methods. 

2.  Rockfill  section:  The  foundation  should  be  stripped  of 
all  soil  and  loose  rock,  a  total  of  about  2  to  3  feet. 

Soil  and  a  great  portion  of  loose  material  can  be  removed 
by  high  pressure  water  monitors.  Normal  overburden  stripping 
practices  would  not  be  applicable  owing  to  rough,  rocky  terrain. 


Right  Abutment 


Summary  of  Stripping  Estimates 
Channel 


Left  Abutment 


Impervious 

15  feet  overall  --5 
feet  of  soil  colluvium 
and  talus  plus  10  feet 
of  jointed  weathered 
rock.  Extensive  hard- 
rock  shaping  on  the 
lower  slope. 


20  feet  overall  -- 
15  feet  of  alluvium 
and  5  feet  of  wea- 
thered and  jointed 
rock.  Some  hard- 
rock  shaping  is 
necessary. 


12  feet  overall  --2 
feet  of  soil  in  addi- 
tion to  10  feet  of 
weathered  ajid  jointed 
rock.  Some  hardrock 
shaping . 
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Summary  of  Stripping  Estimates  (Cont.) 

Right  Abutment Channel Left  Abutment 

Pervious 

5  feet  overall  —  I5  feet  over  entire  \        3  feet  overall  — 

remove  all  soil,  section  —  remove  all   strip  all  soil  and 

colluvium,  talus,  alluvium  and  loose     loose  rock, 

and  loose  rock.  rock. 


Spillway 

Three  alternate  spillway  locations  have  been  considered  during 
the  field  reconnaissance: 

1.  Side  channel  -  right  abutment 

2.  Side  channel  -  left  abutment 

3.  Saddle  spillway  north  of  the  right  abutment 

The  selection  of  the  most  favorable  spillway  site  is  based  primarily  on 
the  crest  elevation  of  the  alternate  proposed  dams,  ^^*lich  control  the 
total  volvune  of  material  to  be  excavated. 

Side  channel  spillways  on  either  abutment  are  about  eqixally 
favorable.  However,  different  dam  crest  elevation  schemes  will  favor 
one  or  the  other  owing  to  irregular  topography.  In  general,  the  right 
abutment  appears  to  be  somewhat  better  suited  for  a  side  channel  spill- 
way at  a  lower  elevation,  while  the  left  abutment  is  better  suited  for 
a  higher  elevation  plan. 

The  entire  excavation  will  be  in  liard  Franciscan  sandstone 
with  occasional  thin  shale  interbeds.  The  rock  is  moderately  jointed, 
with  an  average  fracture  spacing  of  about  2  feet.  The  entire  excavation 
will  be  by  hardrock  methods  with  an  estimated  75  percent  of  excavated 
material  suitable  for  rockfill.  Side  slopes  shoxild  be  stable  on  a 
1/2 :1  ratio  in  fresh  sandstone  and  about  1:1  in  the  upper  50  feet  where 
the  rock  is  weathered  and  joints  are  open. 

The  dip  of  the  bedding  is  in  a  southerly  to  south-westerly 
direction  aiid  --/aries  from  ko'^   to  80  .  This  condition  would  favor  the 
left  abutment  location  as  the  bedding  woiold  dip  into  the  slope,  whereas 
on  the  right  abutment  the  beds  dip  into  the  excavation  and  may  cause 
rockfalls  or  slipouts.  On  the  average,  however,  the  angle  of  the  strati- 
fication is  generally  steeper  than  the  slope  of  the  proposed  excavation 
and  the  danger  of  sliding  is  relatively  minor  and  confined  to  small  areas. 
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The  saddle  location  north  of  the  right  abutment  woiild  result  in 
a  l+OO-foot  deep  cut  for  the  crest  elevation  of  I616.  The  volume  of 
material  in  the  saddle  would  by  far  exceed  that  of  a  side  channel  excava- 
tion. Rock  types  mapped  in  the  saddle  include  sandstone,  shale,  green- 
stone, glaucophane  schist,  and  a  thin  veneer  of  recent  sediments.  The 
heterogeneous  nature  of  the  rock  units  indicates  that  the  saddle  is 
located  outside  the  limits  of  the  massive  sandstone  section  which  forms 
the  damsite,  amd  is  underlain  by  less  competent  rock. 

Side  slopes  should  be  stable  on  a  1:1  ratio  with  berms  every 
50  feet.  Locally,  intensely  sheared  rock  may  be  encountered  and  will 
require  additional  excavation  or  treatment  to  minimize  the  danger  of 
slope  failure.  Virtually  the  entire  saddle  spillway  cut  will  be  excava- 
ted by  hardrock  methods.  About  25  percent  of  the  material  should  be 
suitable  for  rockfill. 

Construction  Materials 

Impervious  Fi n ♦  Two  sources  of  impervious  fill  were  briefly 
investigated  during  the  field  reconnaissance:   (l)  Tertiary  sediments 
which  consist  of  shale,  sandstone,  and  conglomerate,  and  (2)  landslide 
debris  derived  predominantly  from  Franciscan  shale.  The  two  materials 
sources  have  extremely  diverse  physical  properties  which  will  affect 
their  suitability  in  the  dam  section.  Location  of  these  materials  are 
shown  on  Plate  6,  "Location  of  Construction  Materials" . 

Tertiary  sediments  are  located  in  a  northwest-trending  belt 
east  of  the  proposed  site,  and  consist  of  poorly  indurated  sandstone, 
shale,  and  conglomerate.  This  area  is  indicated  as  1-8  on  Plate  6.  A 
preliminary  estimate  indicates  that  an  adequate  volume  of  this  material 
can  be  obtained  within  a  2-mile  radius  from  the  site. 

No  tests  were  performed  to  date  to  determine  the  physical 
characteristics  of  this  material,  eind  little  is  known  of  its  suit- 
ability as  impervious  fill.  Overall,  the  Tertiary  sediments  appear  to 
have  a  rather  low  percentage  of  fines  amd  may  have  a  relatively  high 
permeability.  Their  average  composition  is  probably  that  of  a  gravelly, 
silty  sand.  The  upper  20  feet  of  this  material  is  deeply  weathered  and 
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has  a  higher  concentration  of  fines.  This  upper  zone  appears  to  be  well 
suited  for  impervious  fill. 

Extensive  landslide  debris  are  located  about  2  miles  west  of 
the  proposed  axis  on  both  the  north  and  south  sides  of  the  Middle  Eel 
Canyon  (areas  1-9,  Plate  6).  The  landslides  are  confined  to  a  north- 
south  trending  belt  of  Franciscan  shale  which  is  cut  by  a  major  fault 
zone.  An  adequate  volume  of  this  type  of  material  appears  to  be 
present  within  a  2-mile  radius  from  the  site.  Based  on  field  observa- 
tion, this  material  appears  to  have  a  high  percentage  of  fines,  in 
contrast  to  the  Tertiary  sediments,  but  may  have  a  rather  low  shear 
strength.  No  tests  have  been  conducted  on  slide  debris  from  this 
locality. 

Roc kf ill.  The  massive  lens  of  sandstone  which  forms  the  dam- 
site  abutments  appears  to  be  an  excellent  source  of  rockfill  for  the  pro- 
posed structure.  A  virtually  unlimited  quantity  of  rockfill  can  be 
quarried  at  the  site  with  a  minimum  havd.   distance  (area  R-5^  Plate  6). 

The  sandstone  is  hard  and  moderately  jointed  --  fracture  spac- 
ing averages  about  2  feet.   It  was  estimated  that  the  sandstone  \m±t 
contains  roughly  15  to  20  percent  of  thin  shale  interbeds  which  could 
not  be  used  in  the  rockfill  section.  Weathering  is  relatively  shallow 
and  should  be  confined  to  the  upper  5  "to  10  feet  and  along  prominent 
joints.  Overall,  the  depth  of  weathering  on  the  left  abutment  is  some- 
what less  extensive  and  an  estimated  80  percent  of  the  cajiyon  slope  is 
underlain  by  visible  sandstone  outcrops. 

The  most  favorable  quarry  location  appears  to  be  on  the  left 
abutment  immediately  adjacent  to  the  dam.  As  many  as  three  or  four  bench 
quarries  could  be  opened,  one  above  another  as  construction  progresses, 
to  eliminate  uphill  haulage,  or  one  single  large  quarry  could  be  used 
just  above  the  fill  section  to  a  maximum  elevation  of  2,000.  Above 
elevation  2,000,  highly  fractured  chert,  greenstone,  and  shale  occur 
which  are  not  suitable  for  rockfill.  Salvage  from  side  channel  spill- 
way excavations  could  also  be  used  as  rockfill. 
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Filter  Material.  Limited  quantities  of  river  alluvliini  are 
located  at  the  confluence  of  the  Eel  and  Middle  Eel  Rivers  about  3  miles 
west  of  Dos  Rios  darasite  and  extend  downstream  from  the  confluence 
(areas  P-7,  Plate  6). 

About  1.2  million  yards  of  alluvial  sand  and  gravel  are  located 
within  3  air  miles  of  the  site.  This  material  will  require  considerable 
screening  to  produce  suitable  filter  and  an  accurate  estimate  of  usable 
volume  cannot  be  made  prior  to  testing  of  a  representative  section  of 
this  material. 

Outlet  Works 

Either  abutment  v/ill  provide  excellent  tunneling  conditions 
for  a  diversion  tunnel.  However,  exploration  is  necessary  to  detennine 
the  preference  of  one  abutment  over  another.  The  diversion  tunnel  will 
be  entirely  in  hard,  moderately  jointed  sandstone  with  occasional  thin 
shale  lenses. 

Conclusions 

1.  Foundation  conditions  at  Dos  Rios  damsite  are  excellent, 
and  no  unusual  construction  difficulties  are  anticipated. 

2.  The  site  is  suitable  for  a  rockfiU  dam  with  an  imper- 
vious fill  core . 

3.  Adequate  volumes  of  construction  materials  appear  to  be 
available . 

(a)  RockfiU  can  be  quarried  at  the  site  in  sufficient 
quantity  for  the  proposed  dam. 

(b)  Adequate  volumes  of  impervious  materials  of  two 
contrasting  types  are  fo\md  within  a  2-mile  radius.  These  are 
poorly  consolidated  Tertiary  sediments  and  landslide  debris. 
Based  on  preliminary  geologic  reconnaissance,  weathered 
Tertiary  sediments  should  provide  the  best  source  of  impervious 
fill. 

(c)  Stream  alluvium  suitable  for  filters  and  drains  is 
found  in  discontinuous  bars  of  limited  quantity  at  the  confluence 

of  the  Middle  Eel  and  Eel  Rivers  and  extends  several  miles  downstream. 
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k.     Side  channel  spill vray  on  either  the  left  or  the  right 
abutment  appears  to  he  most  feasible.  Final  selection  of  spillway 
location  will  depend  on  the  crest  elevation.  The  excavation  on  either 
abutment  will  be  in  hard  moderately  jointed  sandstone.  As  much  as 
80  percent  of  the  excavated  material  should  be  salvagable  for  rockfill. 

Re  c  ommendat  i  ons 

1.  A  thorough  construction  materials  investigation  is  neces- 
sary for  a  proper  evaluation  of  the  feasibility  of  the  Dos  Rios  damsite. 

(a)  Potential  sources  of  impervious  fill  in  both  the 
Tertiary  sediments  as  well  as  the  slide  debris  should  be  sampled 
and  tested  to  determine  their  suitability  as  fill  material. 

(b)  Sandstone  in  the  damsite  canyon  should  be  investiga- 
ted to  determine  its  strength  and  quarry  characteristics.  These 
tests  should  determine  whether  or  not  this  material  is  usuable 
for  constJTUction  of  a  high  rockfi2-l  dam. 

2.  Foundation  exploration  is  less  critical  than  construction 
materials  investigation  and  shoiild  be  initiated  after  the  availability 
of  fill  material  has  been  established. 
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Spencer  and  Franciscan  Damsites 

Spencer  damsite  lies  in  the  NE  l/k   of  Section  1,   T22K,  R12W, 
MDB  &  M,  on  the  Middle  Fork  Eel  River.  The  site  is  about  6  air  miles 
east  of  Covelo,  Mendocino  Coimty,  and  access  to  the  site  from  Covelo  is 
mostly  over  unpaved  roads, 

Franciscan  damsite  is  in  Section  28,  T23N,  R12W,  MDB  &  M,  on 
Short  Creek,  tributary  to  Mill  Creek,  which  in  turn  is  tributary  to  the 
Middle  Fork  Eel  River.  Franciscan  site  is  about  3-l/2  air  miles  north- 
east of  Covelo.  Access  is  over  paved  roads.  Both  sites  are  shown  on 
the  USGS  Covelo  quadrangle,  with  a  scale  of  1:62,500  and  a  contour 
interval  of  100  feet. 

The  maximum  heights  of  dams  considered  at  the  Spencer  and 
Franciscaji  sites  are  385  feet  and  3IO  feet,  respectively.  Franciscan 
Dam  would  be  necessary  to  prevent  stored  waters  from  flooding  Round 
Valley.  Water  from  Spencer  Reservoir  could  be  diverted  to  the  Sacramento 
Valley,  through  the  proposed  Spencer-Thomes  Tunnel,  or  into  the  English 
Ridge  Reservoir  and  Clear  Lake  drainage  via  Dos  Rios  Reservoir  and  Elk 
Creek  Tunnel. 

The  geologic  investigation  of  Spencer  and  Franciscan  sites  was 
conducted  intermittently  from  195T  to  I96I.  The  work  performed  consisted 
of  geologic  mapping  of  the  sites,  a  construction  materials  investigation, 
foundation  drilling,  trenching,  field  permeameter  tests,  and  a  resisti- 
vity survey.  Materials  exploration  included  drilling  of  hh   auger  holes 
and  laboratory  testing.  Foundation  drilling  included  six  diamond  drill 
holes  at  Spencer  site  and  four  at  Franciscan  site.  In  addition,  Spencer 
Meadow  at  the  Spencer  damsite  was  explored  with  eight  auger  holes,  and 
five  auger  holes  were  drilled  at  the  spillway  location.  A  summary  of 
all  foundation  diamond  drilling  performed  is  presented  in  Table  2, 
"Summary  of  Exploration,  Spencer  Damsite",  and  Table  3,  "Summary  of 
Exploration,  Franciscan  Damsite" . 

Exploration  of  Foundation  Rock  (Spencer  Damsite) 

Six  diamond  core  holes  were  drilled  at  Spencer  site.  Hole  RA-1 
was  drilled  on  the  right  abutment  to  explore  depth  to  firm  rock.  Angle 
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holes  RC-1  emd  LC-1  were  drilled  toward  each  other  to  cross  the  channel 
near  the  axis  of  the  proposed  dam.  Holes  LA-1  and  IA-2  were  drilled  in 
Spencer  Meadow.  Hole  iA-3  was  drilled  near  the  middle  of  the  left  abut- 
ment near  the  axis  of  the  proposed  dam  (see  Table  2).  Location  of  drill 
holes  and  geologic  units  are  shown  on  Plate  h,   "Geologic  Map  and  Sections", 

Two  trenches,  Tl  and  T2,  were  exca-vated  to  explore  the  depth 
of  stream  fill  on  a  terrace  just  above  the  channel  on  the  right  abutment. 

Eight  10- inch- diameter  auger  holes ,AH-1  through  AH-8,  were 
drilled  in  Spencer  Meadow.  Five  10- inch-diameter  auger  holes  were 
dri2J.ed  along  the  spillway  crest  to  explore  depth  to  sound  rock.  Two  of 
these  holes  were  used  for  field  permeameter  tests. 

A  resistivity  survey  was  performed  at  Spencer  Meadow  to  help 
determine  the  depth  and  extent  of  the  weak  clayey  material  underlying 
the  meadow. 

Foundation  Conditions  (Spencer  Damsite) 

Right  Abutment.  The  right  abutment  is  fairly  regular  in  con- 
figuration, with  a  slope  of  30  percent  except  for  a  small,  flat  terrace 
near  the  channel.  The  abutment  is  mostly  underlain  by  moderately  jointed 
sandstone,  occasionally  interbedded  with  thin  shale  beds.  Shale  predomi- 
nates over  the  sandstone  in  some  places  on  the  abutment,  and  occasionally 
the  sandstone  coarsens  to  a  conglomerate.  Small  discontinuous  bodies  of 
chert  and  greenstone  are  also  present.  The  bedrock  is  mantled  by  loose, 
brown,  clayey  soil  and  the  number  of  outcrops  decrease  progressively  with 
elevation.  Small  shears  in  the  rock  are  very  common.  Water  tests 
indicate  the  fractures  in  the  rock  are  generally  open,  axid  grout  take 
should  be  moderate  to  high  (see  Table  2).  Fractures  in  drill  hole  RA-1 
seemed  to  open  up  linder  higher  water  pressures,  i>articularly  in  the  upper 
portions  of  the  hole  where  the  rock  was  intensely  weathered. 

Average  stripping  estimates  for  cutoff  on  the  right  abutment 
are  10  feet  with  some  overexcavation  required  in  sheared,  gougy  seams. 
However,  no  xmusual  construction  problems  are  anticipated.  Stripping 
estimates  are  summarized  at  the  end  of  this  section. 
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Channel  Section.  The  width  of  the  channel  section  beneath  the 
proposed  dam  is  about  300  feet.  This  width  includes  relatively  flat, 
narrow  terraces  which  occur  on  both  sides  of  the  stream  (see  Plate  k) . 
Chert  is  the  principal  rock  type  on  the  left  channel  side  upstream  from 
the  axis.  Approximately  at  the  axis,  the  chert  is  in  contact  with  sand- 
stone and  shale.  Along  this  contact,  considerable  shearing  and  deforma- 
tion of  the  shale  and  chert  is  evident.  On  the  right  chajmel  side  alter- 
nating beds  of  sandstone  and  shale  are  exposed  which  strike  directly  into 
the  chert  body.  It  thus   appears  that  there  is  a  lack  of  structural 
continuity  across  the  stream  and  it  is  inferred  that  a  shear  zone  exists 
along  the  channel.  Based  on  drilling  information,  the  shear  zone  is 
characterized  by  gougy  shale  which  has  \mdergone  intense  deformation  as 
it  was  confined  and  was  crushed  between  two  much  more  resistant  rock 
units  —  chert  on  the  left  abutment  and  sandstone  on  the  right.  Both 
drill  holes  LC-1  and  RC-1  encountered  a  considerable  amount  of  soft 
sheared  shale  beneath  the  channel. 

Estimated  average  stripping  beneath  the  impervious  section  is 
2  feet  of  alluvium  and  k   feet  of  rock.  In  addition,  special  cleaning 
out  of  soft  sheared  shale  may  be  necessary.  Water  losses  during  water 
press\ire  tests  were  generally  high  in  the  channel  drill  holes,  and  high 
grout  takes  shoiald  be  anticipated. 

Left  Abutment.  The  left  abutment  has  a  regular,  steep  slope  of 
about  kO   percent  to  Spencer  Meadow  or  elevation  1,600  where  the  slope 
flattens  to  an  average  of  20  jiercent.  Above  Spencer  Meadow,  or  elevation 
1,700,  the  slope  again  steepens.  There  is  also  a  small,  flat  terrace 
just  above  the  river  on  the  left  abutment. 

The  entire  left  abutment  below  Spencer  Meadow  is  formed  by 
thin-bedded  chert  with  some  interbedded  shale.  Although  some  minor 
slumping  of  the  thin-bedded  chert  was  observed,  most  of  this  portion  of 
the  abutment  is  stable  and  will  form  a  suitable  foundation  for  the 
proposed  dam.  Stripping  estimates  in  this  section  of  the  abutment  be- 
neath the  impervious  section  are  5  feet. 
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The  Spencer  Meadow  portion  of  the  left  abutment  is  underlain 
by  slopewash  to  an  average  depth  of  about  15  feet  and  an  inferred  maxi- 
mum near  the  toe  of  the  dam  of  ^0  feet  (see  Plate  k).     Test  results  indi- 
cate that  this  material  has  verjf  low  strength  and  shoiild  be  removed  from 
the  dam  foiindation. 

Summary  of  Triaxial  Test  Results 
on  Three  Samples  from  Spencer  Meadow 


Drill 
Hole 

:  Depth  ft. 

:  Dry 
:  Dens. 
:  IICF 

:  Moist 

:  Deg. 
:  Sat  % 

IP° 

:   Appt . 
:  Cohesion 
:   T/SF 

AH-8 

6^  to  8^ 

95-8 

25.2 

80,5 

2.6 

O.kk 

AH-8 

12^  to  13^ 

102.8 

26„0 

98.1 

2.2 

C.71 

LA-2 

4°  to  5° 

109.8 

23. 7 

100  0 

5«5 

0.22 

Slope  stability  and  drainage  of  the  cut  slope  in  the  weak  satu- 
rated clay  would  present  some  construction  difficulty.  Preliminary  esti- 
mates based  on  the  three  shear  tests  indicate  that  the  cut  should  stand 
on  a  2-l/2:l  slope  during  the  construction.  A  ditch  leading  from  the 
meadow  and  around  the  toe  of  the  dam  ■vd.ll  provide  drainage  for  both  the 
dam  fill  as  well  as  for  the  clay.  The  excavation  in  the  clay  should  be 
backfilled  with  suitable  filter  and  embankment  material  to  prevent  sub- 
sequent sliding  of  the  clay  onto  the  toe  of  the  dam. 

Water  losses  during  water  pressure  tests  in  hole  LA-3,  which 
penetrated  in-place  chert  and  minor  shale,  were  generally  high.  Grout  takes 
in  the  chert  were  estimated  to  be  high. 

Summary  of  Stripping  Estimates 
Spencer  Damsite 


Location 


Average  stripping  estimates 
in  feet 


For  cutoff 


Pervious  sections 


Right  abutment 

Channel 

Lower  left  abutment 

(to  elevation  1,600) 
Upper  left  abutment 

(above  elevation 
1,600) 


5  soil,  5  weather 

rock 
2  alluvium,  k   rock 
5  soil,  5  disjointed 

15  soil  and  loose 
rock 


5  soil 

2  ft.  alluvium 
5  soil 

15  soil 
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Exploration  of  Foundation  Rock  (Franciscan  Damslte) 

Fotrr  diamond  core  holes  were  drilled  at  Franciscan  site.  Hole 
RA-1  was  drilled  on  the  right  abutment  to  detennine  depth  to  firm  rock. 
Angle  hole  LC-1  was  drilled  to  cross  the  channel  to  explore  for  sheeiring 
parallel  to  the  channel.  Holes  LA.-1  and  LA.-2  explored  depth  of  over- 
burden on  the  left  abutment  (see  Table  3). 

Foundation  Conditions  (Franciscan  Damsite) 

Rock  at  the  site  consists  of  Franciscaji  samdstone  with  minor 
conglomerate,  shale,  lenses  of  chert,  sind  pods  of  serpentine.  The  aver- 
age strike  of  these  rocks  is  about  N35  w.  The  dip  is  usiially  steep  and 
generally  is  to  the  west,  although  a  number  of  small  folds  control  the 
actual  direction  of  dip.  The  strike  of  the  beds  intersect  the  ajcis  of 
the  dam  at  an  angle  of  about  20  .  Geology  of  Franciscan  damsite  is 
shown  on  Plate  5,  "Geologic  Map  and  Section". 

Right  Abutment.  The  right  abutment  has  a  rather  uneven  config- 
uration, with  an  average  slope  of  about  35  percent.  In  general,  the 
abutment  is  steepest  near  the  channel,  and  the  slope  flattens  progres- 
sively higher  on  the  abutment. 

The  abutment  is  underlain  by  Franciscan  sandstone,  containing 
thin  beds  of  sheared  shale.  Small  irregular-shaped  lenses  of  thin-bedded 
chert  also  occur  on  the  abutment.  The  sandstone  outcrops  are  common  near 
the  channel,  but  outcrops  high  on  the  abutment  are  rare.  All  the  rock 
encountered  in  hole  RA-1,  drilled  to  a  depth  of  76.5  feet,  was  consid- 
erably weathered. 

Average  stripping  estimates  for  cutoff  on  the  right  abutment 
are  12  feet. 

No  water  tests  were  performed  in  hole  RA-1,  but  judging  from 
water  losses  during  drilling,  it  is  estimated  that  grout  take  will  be 
moderate . 

Channel  Section.  The  width  of  the  channel  section  along  the 
axis  is  only  about  ^4-0  feet.  Sandstone  which  contains  bands  of  sheared 
shale  eind  chert  are  well  exposed  along  the  channel  section. 
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Estimated  stripping  for  cutoff  is  5  feet  of  weathered  rock. 
Special  treatment  of  some  of  the  most  sheared  shale  bands  may  be  required. 
Water  tests  in  hole  LC-1  indicate  that  below  a  depth  of  about  30  feet 
the  rock  is  tight.  Below  30  feet,  actually  only  20  feet  perpendicular 
to  the  groiind  surface,  grout  take  should  be  low;  above  this  depth  it  is 
estimated  that  grout  taJce  will  be  moderate. 

Left  Abutment.  The  left  abutment  has  a  slope  of  50  percent  to 
about  elevation  1,5^0.  Above  elevation  1,5^0  the  slope  is  much  gentler 
and  the  axis  crosses  two  small  saddles.  The  geologic  map,  Plate  ^, 
shows  two  small  dikes  in  the  saddles.  If  the  dam  is  carried  to  eleva- 
tion 1,700,  as  has  been  proposed,  the  embankment  would  be  continuous 
along  the  left  abutment  across  the  saddles.  The  left  abutment  is  under- 
lain by  sandstone,  with  some  sheared  shale.  Two  small  pods  of  serpentine 
are  present  downstream  from  the  axis. 

Depth  of  weathering  on  the  left  abutment  is  believed  to  be 
greater  than  on  the  right,  particularly  above  the  break  in  slope  at 
elevation  1,560.  Average  stripping  estimates  for  cutoff  on  the  left 
abutment  are  20  feet. 

Grout  take  in  the  left  abutment  is  estimated  to  be  moderate, 
as  determined  by  water  losses  during  drilling  operations  (see  Table  3)» 

Sioramary  of  Stripping  Estimates 
Franciscan  Damsite 


Location 


Average  stripping  estimates  in  feet 


For  cutoff 


Pervious  sections 


Right  abutment 

Channel 

Left  abutment 


6  soil,  6  weathered  rock 

5  weathered  rock 

15  soil,  5  weathered  rock 


5  soil 

3  weathered  rock 

5  soil 


Spillway  and  Outlet  Works 

Spillway .  The  spillway  for  the  reservoir  which  would  be 
created  by  construction  of  Spencer  and  Franciscan  Dams  woiold  be  located 
1.5  miles  west  of  Spencer  damsite.  The  proposed  spillway  is  underlain 
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near  its  crest  by  Franciscan  sandstone  and.  minor  shale  and  greenstone. 
Outcrops  are  absent  except  near  the  crest  of  the  ridge  that  will  sup- 
port the  spillway  weir.  Five  10- inch  diameter  a\iger  holes  were  drilled 
along  this  ridge,  and  two  permeameter  tests  were  performed.  As  deter- 
mined by  these  tests  and  approximate  computations,  the  permeability  of 
the  rock  is  in  the  practicoilly  impervious  rauige  (less  than  1  foot  per 
year) . 

With  the  spillway  at  1,685  feet,  the  crest  would  be  about 
8  feet  above  the  ground  elevation  of  the  lowest  point  in  the  saddle. 
An  excavation  about  20  feet  in  depth  should  expose  rock  adequate  for 
the  fo\indation  of  the  proposed  spillway  structure.  All  of  the  excava- 
tion probably  can  be  made  with  a  blade  or  ripper.  The  spoils  probably 
will  be  unusable  as  fill  in  the  dam. 

It  is  estimated  that  cuts  in  the  weathered  rock  will  stand  at 
1/2  on  1.  Lining  is  recommended  from  the  crest  of  the  spillway  down  to 
the  major  break  in  slope,  a  distance  of  some  800  feet.  Additional 
exploration  along  the  channel  of  the  spillway  is  needed,  so  that  the 
necessity  of  lining  can  be  better  evaluated.  Floodwaters  wilL  discharge, 
after  passing  thro\agh  upper  Btsel  Flat  into  the  Middle  Fork  Eel  River, 
about  5>500  feet  from  the  downstream  toe  of  Spencer  Dam. 

Outlet  Works .  The  proposed  outlet  conduit  at  Spencer  damsite 
is  a  t\innel  through  the  right  abutment,  which  will  also  serve  as  diversion 
during  construction.  The  diameter  of  the  tiumel  will  be  on  the  order  of 
l8  feet,  and  the  length  will  depend  on  the  final  alignment.  The  t\innel 
would  pass  through  Franciscan  sandstone  and  some  sheile,  and  generally 
would  be  driven  perpendicular  to  the  strike.  Tunneling  conditions 
generally  should  be  good,  but  due  to  the  shallow  cover,  complete  lining 
and  support  should  be  anticipated  through  the  tunnel.   The  tionnel 
alignment  is  shown  on  Plate  k. 

A  tunnel  is  also  proposed  at  the  Franciscan  site.   The  tunnel 
aJ-ignment  would  be  about  1,^+00  feet  long.  Pres\imably,  it  would  have  a 
minimum  diameter.  This  tunnel  would  also  serve  for  both  diversion  and 
outlet  works . 
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Geologic  conditions  for  the  Franciscan  diversion  tiannel  are  similar  to 
those  at  the  Spencer  damsite.  The  principal  rock  encountered  would  be 
sandstone  with  some  shale.  Chert  would  be  encountered  near  the  upstream 
portal.  Complete  lining  and  support  should  also  be  anticipated  at  the 
Franciscan  tunnel. 

Reservoir  Area 

The  entire  reservoir  will  lie  within  rocks  of  the  Franciscan 
formation,  and  leakage  is  not  expected.  Loss  of  storage  by  silting  and 
landslides  will  be  at  least  moderate  because:   (l)  streams  in  this 
region  carry  considerable  silt  loads  during  high  flows;  (2)  the  water- 
shed area  generally  has  deep  soil  cover;  (3)  streams  in  this  region 
have  moderate  gradients;  and  (k)   landslide  areas  are  very  common. 

Rapid  drawdown  of  the  reservoir  will  probably  aggravate  old 
slides  and  cause  new  slides.  Because  of  the  landslide  potential,  extra 
freeboard  would  appear  to  be  a  reasonable  precaution. 

Construction  Materials 

Location  of  construction  materials  for  both  Franciscan  and 
Spencer  damsites  are  shown  on  Plate  6.  Descriptions  of  the  various 
materials  together  with  estimated  volumes  are  summarized  on  Table  5  at 
the  end  of  this  chapter. 

Impervious  Ft  n .  An  estimated  total  of  8  million  yards  of 
impervious  materials  have  been  outlined  in  Upper  Etsel  Flats  (area 
1-3,  Plate  6),  based  on  six  auger  holes  and  geologic  mapping.  This 
material  has  a  composition  of  silty  to  gravelly  clay  ajid  appears  to 
have  a  low  shear  strength. 

Another  potential  source  of  impervious  fill  for  the  Si)encer 
Project  is  located  near  the  crest  of  Dingman  Ridge  (area  1-5 j  Plate  6) 
and  consists  of  residual  soil  derived  from  Franciscan  slate,  phyllite, 
and  schistose  sandstone.  Based  on  a  preliminary  field  reconnaissance 
this  material  appears  to  be  of  somewhat  better  quality  than  the  Etsel 
Flat  materials  consisting  of  soil  and  slopewash.  Approximately 
20  million  cubic  yards  of  material  are  available  from  Dingman  Ridge  in 
the  area  outlined. 
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Laboratory  testing  of  Upper  Btsel  Flat  materials  consists  of 
one  gradation  analysis,  and  one  compaction  test.  No  secondary  tests 
have  been  performed  on  this  material.  Further  exploration  and  testing 
is  reqxiired  both  in  the  Dingman  Ridge  and  Upper  Etsel  Flat  areas  for  a 
proper  e-valiiation  of  the  qixality  as  well  as  qioantity  of  potential 
impervious  materials  for  the  Spencer  Project. 

Impervious  materials  are  also  available  in  a  portion  of 
Williams  Valley  east  of  Short  Creek  (area  I-l,  Plate  6).  Ten  l8-inch 
diameter  auger  holes,  ranging  in  depth  from  10  feet  to  25  feet  were 
drilled  to  explore  this  area.  The  material,  near  the  surface  is  a 
brownish  clay  of  low  to  moderate  plasticity.  The  clay  has  an  average 
thickness  of  8  feet,  and  is  usually  luiderlain  by  saturated  silty  sand 
or  silty  gravel.  Water  levels  in  the  auger  holes  in  September  1959 
ranged  in  depth  from  7  feet  to  more  than  25  feet.  Water  levels  prob- 
ably would  be  higher  than  this  during  the  wet  season.  Providing  high 
water  does  not  interfere  with  operations,  the  clay  in  area  2  probably 
woiiLd  be  suitable  for  the  impervious  core  of  a  fill  dam.  The  average 
distance  to  the  Franciscan  site  is  1.5  miles  with  an  easy  haul.  The 
air  distance  to  the  Spencer  site  is  about  3.0  miles  with  a  much  greater 
distance  over  poor  existing  roads.  The  clay  in  area  2  is  probably  the 
most  suitable  impervious  material  available  for  the  Franciscan  site. 
Approximately  3  million  cubic  yards  of  material  have  been  estimated  to  be 
available  in  this  area. 

Pervious  Fill.  Pervious  construction  materials  are  in  short 
supply  in  the  Spencer  Project  area.  A  volume  of  stream  sand  and  gravel 
(3  million  cu.  yds.)  for  construction  of  :the'  Fraaciscan  Dam  has  been 
located  along  Short  Creek  (areas  P-1  and  P-2). 

Pervious  materials  available  for  the  Spencer  darasite  consist 
of  terrace  gravel  in  the  Lower  Etsel  Flat  (area  P-5)^  with  an  estimated 
volume  of  1,600,000  cubic  yards,  and  stream  a1 .1  uvJian  from  the  channel  of 
Mill  Creek  and  Short  Creek  in  Roxmd  Valley  (areas  P-3  and  P-4)  with  a 
volume  of  1,100,000  cubic  yards.  Pervious  materials  required  for  a 
365-foot-high  (crest  elevation  1,705)  "thick  core"  Spencer  Dam  are 
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estimated  to  be  at  least  ^+,^4-00, 000  cubic  yards.  Thus,  additional  per- 
vious materials  must  be  located  for  construction  of  Spencer  Dam.  Additional 
pervious  material  sources  along  the  Middle  Eel  River  channel  consist  of 
discontinuous  lenses  or  bars  of  stream  alluvium  and  terrace  deposits. 
No  estimate  on  the  volume  of  this  material  is  available  to  date; 
however,  this  additional  source  is  not  expected  to  provide  more  than 
about  1  million  cubic  yards  of  fill. 

Rockf ill ♦  Wo  intensive  investigation  was  undertaken  to  locate 
an  adequate  source  of  rockf  ill  for  Sjjencer  Project.  A  satisfactory  rip- 
rap source  has  been  outlined  south  of  the  site  (area  R-1,  Plate  6)  with 
an  estimated  volume  of  1,500,000  cubic  yards  of  high  qtiality  rock. 

A  potential  quarry  area  for  rockfill  lies  immediately  to  the 
south  of  Spencer  damsite  (area  R-2).  The  rock  is  predominantly  a 
Franciscan  greenstone  which  forms  a  steep,  heavily  forested  ridge  to  an 
elevation  of  2,500  feet.  Other  rock  present  and  comprising  about  25 
percent  of  the  total  are  chert,  phyllite  and  slate.  In  outcrop  the 
rock  is  a  closely  fractured,  somewhat  foliated  greenstone  which  is  deeply 
weathered  and  intensely  oxidized  along  fractures.  The  degree  of  fractur- 
ing in  exposed  outcrop  appears  to  be  accentuated  by  the  solution  of 
secondary  cementing  material,  as  numerous  cavities  and  open  irregular 
interstices  were  noted,  apparently  indicating  secondary  calcite  mineral- 
ization. In  its  weathered  state,  the  rock  breaks  up  into  roughly  equi- 
dimensional  fragments  about  ^4-  to  6  inches  in  diameter.  A  light  hammer 
blow  will  generally  break  the  rock  along  incipient  fractures  which  are 
coated  with  iron  and  manganese  oxide.  The  zone  of  weathering  probably 
extends  to  an  average  depth  of  about  30  feet;,  but  is  suspected  to  be 
highly  irregular  owing  to  zones  of  intensely  fractured  or  sheared  rock 
and  lenses  of  sediments. 

Based  on  reconnaissance  geologic  study,  the  upper  30  feet  of 
quarry  area  R-2  will  have  to  be  stripped  and  wasted.  Material  from  this 
zone  wi'LL  have  a  high  percentage  of  fines  and  will  contain  rock  of 
relatively  low  shear  strength.  Rock  immediately  below  30  feet  will,  be 
considerably  weathered  and  fractured  but  shoiiid  be  suitable  in 
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"transitional"  zones  of  the  dam.  This  material  will  contain  about 
25  percent  of  rock  smaller  than  1-inch-diameter  and  a  considerable 
fraction  of  weak  material.  Weathering  should  be  minor  at  a  depth 
of  50  feet  normal  to  the  slope  of  the  ridge  and  suitable  rockfill 
material  should  be  obtained  from  this  zone.  The  rock  is  expected  to 
be  moderately  jointed  and  foliated  with  a  considerable  portion  of 
fractures  healed  by  secondary  calcite  and  qviartz.  The  bulk  of  rock 
obtained  from  this  depth  will  range  from  6  to  iv  inches  in  diameter. 
About  15  to  20  percent  of  the  excavated  material  will  be  less  than 
1  inch  in  diameter,  and  some  screening  may  be  reqiiired  for  material 
placed  in  the  downstream  section  of  the  dam.  The  estimated  total 
usable  volume  of  rolled  rockfill  material  in  quarry  area  R-2  is  in 
excess  of  20  million  cubic  yards. 

Summary  and  Conclusions 

1.  Foundation  conditions  at  the  Spencer  and  Frajiciscan  sites 
appear  suitable  for  earthfill  dams  of  the  proposed  dimensions. 

Spencer  Damsite.  The  Spencer  site  is  underlain  by  thin-bedded 
chert,  sandstone,  shale,  and  greenstone,  all  of  the  Franciscan  formation. 
These  rocks  al  l  provide  an  adequate  foundation  except  the  shale  which  is 
generally  soft  ajid  sheared.  The  right  abutment  is  formed  by  sandstone, 
some  shale,  and  minor  amounts  of  chert  and  greenstone.  Stripping  esti- 
mates for  the  right  abutment  are  5  feet  soil  and  5  feet  weathered  rock 
for  cutoff.  The  channel  section  is  underlain  by  sandstone,  chert, 
greenstone,  and  a  considerable  amount  of  sheared  shale  which  may  require 
special  excavation  and  backfilling.  Stripping  estimates  for  the  channel 
section  are  2  feet  alluvium  and  3  feet  rock  for  cutoff.  The  left  abut- 
ment is  imderlain  principally  by  chert  up  to  elevation  1,600.  Above 
elevation  1,600  the  slope  flattens,  and  this  portion  is  underlain  chiefly 
by  soft  clay  to  a  maximum  depth  of  at  least  75  feet.  Stripping  estimates 
for  the  left  abutment  to  elevation  1,600  are  5  feet  soil  and  5  feet  dis- 
jointed rock  for  cutoff.  Stripping  above  elevation  1,600  woiild  be  30 
or  ^4-0  feet  of  clay  for  stability.  With  the  axis  curved  downstream. 
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stripping  probably  can  be  reduced  to  15  feet  overall  on  this  upper 
portion  of  the  left  abutment. 

Franciscan  Damsite.  The  Franciscan  site  is  underlain  by 
Franciscan  formation  sandstone^  irregular  interbeds  of  soft,  sheared 
shale,  lenses  of  chert,  and  pods  of  serpentine.  The  soft  shale  beds 
may  require  some  special  treatment.  Average  stripping  estimates  be- 
neath the  impervious  section  are :  for  the  right  abutment  -  6  feet  soil 
eind  6  feet  weathered  rock;  for  the  channel  section  -  5  feet  weathered 
rock;  and  for  the  left  abutment  -  15  feet  soil  and  5  feet  weathered 
rock.  It  is  estimated  that  grout  take  will  be  moderate. 

2.  The  proposed  spillway  across  a  topographic  saddle 

1.5  miles  west  of  Spencer  site  is  underlain  mainly  by  Franciscan  sand- 
stone, which  should  provide  an  adequate  foiondation.  Results  of  perme- 
ability tests  indicate  the  narrow  spillway  ridge  should  be  tight.  Cut 
slopes  in  the  weathered  rock  should  stand  at  l/2  on  1. 

3.  Outlet  txmnels  which  will  also  serve  for  diversion  diiring 
construction  are  proposed  at  the  Spencer  and  Franciscan  sites.  The 
tiuinel  alignment  at  the  Spencer  site  is  through  the  right  abutment,  and 
the  alignment  at  the  Franciscan  site  is  through  the  left  abutment.  Both 
tunnels  will  be  mostly  in  sandstone.  No  serious  construction  problems 
are  anticipated,  but  complete  support  and  lining  sho\ald  be  planned  due 
to  the  shallow  cover. 

k.     Landslides  are  considered  a  serious  problem  in  the  reser- 
voir area.  Extra  freeboard  should  be  provided. 

5-  Impervious  construction  materials  of  various  types  are 
available,  but  rockfill  for  Spencer  is  of  unknown  quality  and  pervious 
materials  are  in  short  supply. 

Recommendations 

Prior  to  the  final  planning  design  stage,  additional  explora- 
tion of  the  foundation  conditions  at  both  sites  and  of  construction 
materials  should  be  explored.  The  following  specific  activities  should 
be  included  in  any  further  exploration: 
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1.  Subsurface  investigation  of  the  proposed  rockfill  source 
is  reconmended  as  the  first  stage  of  any  further  Spencer  Project  study. 

2.  Additional  exploration  in  the  area  of  Spencer  Meadow, 
with  consideration  given  to  a  curved  section,  such  that  low  strength 
material  beneath  Spencer  Meadow,  is  avoided  as  much  as  i)ossible. 
Exploration  should  include  pits  or  deep  dozer  trenches  for  a  precise 
elevation  of  the  nature  of  the  fill  material  and  to  obtain  undisturbed 
samples  for  further  testing. 

3.  Additional  exploration  along  the  Spencer  axis  in  the  area 
north  of  Spencer  Meadow. 

k.  Additional  exploration  along  the  length  of  the  channel 
section  of  Spencer  damsite  to  better  determine  the  extent  of  sheared 
shale  in  em  upstream  and  downstream  direction. 

5.  Additional  exploration  at  the  spillway  location,  parti- 
cularly along  the  spillway  channel. 

6.  Exploration  of  borrow  materials,  particularly  of  pervious 
material  in  area  5* 

7.  Exploration  directed  toward  better  definition  of  rock 
conditions  in  the  proposed  diversion  tunnels  at  Spencer  and  Franciscan 
sites. 
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Middle  Eel-Glenn  Tunnels 

The  Eel-Glenn  Tunnels  are  designed  to  convey  the  sixrpliis  flows 
of  the  Middle  Eel  River  into  the  Glenn  Reservoir  ComiiLex  (see  Plate  l). 
These  tunnels  would  be  at  least  10  feet  in  diameter  and  in  excess  of 
20  miles  in  length,  and  have  a  capacity  of  about  1,000  second- feet. 

The  proposed  tunnel  alignments  lie  in  the  Northern  Coast  Range 
geomorphic  province  and  are  underlain  by  rocks  of  the  Central  and 
Metamorphic  belts  of  the  Franciscan  formation.  The  area  is  characterized 
by  deep  V-shaped  canyons  and  a  subparallel  northwest  alignment  of  topo- 
graphy and  drainage,  controlled  by  the  regional  trend  of  the  Coast  Range 
geologic  structure. 

Two  alternative  tunnel  alignments  were  considered  --a  northern 
and  southern  route  as  shown  on  Plate  7^  "Geologic  Map  and  SectlDns".  The 
northern  alignment  inlet  portal  is  in  Black  Butte  River  Canyon,  Section 
35,  T23N,  RllW,  and  the  outlet  portal  is  Thomes  Creek  Gorge,  Section  l8, 
T23W,  R7W,  a  total  length  of  20,5  miles.  The  northern  alignment  would 
be  used  to  convey  water  to  the  Paskenta  ajid  Newville  elements  of  the 
Glenn  Reservoir  Complex.  The  southern  alignment  would  have  its  inlet 
portal  on  Hayshed  Creek,  a  tributary  of  the  Middle  Fork  Eel  and  its 
outlet  portal  in  Grindstone  Creek  Canyon.  This  proposed  tunnel  is 
23.5  miles  long  and  would  divert  water  to  the  Rancheria  or  Millsite 
Reservoirs  of  the  Glenn  Reservoir  Complex. 

Exploration 

A  geologic  mapping  and  core  drilling  program  was  vindertaken 
in  the  summer  and  fall  of  1959  to  provide  information  relating  to  the 
feasibility  of  construction  of  the  Eel-Glenn  Tunnel,  The  geologic  map- 
ping was  conducted  on  a  regional  scale  in  order  to  establish  zones  or 
areas  of  relative  txjnneling  difficioity.  Based  on  this  information,  the 
most  favorable  alignments  were  chosen. 

A  diamond  drilling  program  was  conducted  in  the  Thomes -Grindstone 
area  from  June   through  October  1959«  The  object  of  the  core  drilling  was 
to  obtain  information  on  tunneling  conditions  near  the  proposed  tunnel 
grade. 
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Five  core  holes  were  drilled  varying  from  ll6   feet  to  9O5  feet 
in  depth.  All  holes  were  vertical  with  a  total  drilled  footage  of 
2,53i<-  feet. 

Test  Hole  1  -  The  first  drill  hole,  TH-1,  was  located  on  Twin 
Rocks  Ridge  in  SE  l/k   of  Section  5,  T22N,  RlOW,  MDB  &  Mo  Drilling 
started  on  June  9,  1959 j  ajid  was  completed  on  August  5,  1959,  with  a 
total  drilled  footage  of  9O5  feet. 

Core  samples  were  taken  at  intervals  of  about  100  feet  to  a 
depth  of  778  feet  and  continuous  samples  were  obtained  from  77O  feet 
to  the  bottom  of  the  hole. 

The  core  indicated  that  below  the  weathered  zone  the  degree 
of  jointing  and  fracturing  diminished  markedly.  Near  the  bottom  of  the 
hole,  most  fractures  were  healed  with  calcitej  however,  it  appears  that 
a  nijmber  of  interconnected  fractures  exist  in  the  rock  even  at  great 
depth. 

Fine-grained  rock  such  as  shale  and  siltstone  exhibited  intense 
shearing,  slickenside,  and  clayey  gouge,  while  coarser-grained  rock  was 
only  moderately  fractured  at  depth. 

In  plotting  the  temperature  variations  in  the  drill  hole,  it 
became  evident  that  circulation  of  groimd  water  must  take  place  in  the 
interval  drilled.  Anomalous  low  readings  were  obtained  at  depth  and  were 
attributed  to  circulation  of  ground  water  through  interconnected  fractures, 

Test  Holes  2  and  3  -  Drill  hole  TH-2  \ras  located  in  Section  2, 
T22N,  R7W,  MDB  &  M,  on  a  serpentine  slide  just  east  of  the  serpentine- 
KnoxviUe  contact.  The  slide  material  was  found  to  be  ll^O  feet  thick, 
and  underlain  by  mudstone  and  sandstone  of  the  Knoxville  formation.  Total 
depth  of  TH-2  was  162.5  feet. 

The  third  drill  hole,  TH-3,  was  located  300  feet  west  and  85 
feet  above  TH-2.  The  hole  was  drilled  to  a  depth,  of  6OI  feet  entirely 
in  serpentine. 

Core  samples  were  taJcen  at  selected  intervals  to  a  depth  of 
500  feet,  with  continuous  core  drilling  from  5OO  feet  to  the  bottom  of 
the  hole. 
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The  results  obtained  indicated  that  the  degree  of  brecciation 
and  shearing  in  the  serpentine  does  not  diminish  substantially  below  the 
weathered  zone. 

Test  Eo.le  k  -  T3.-k  was  located  in  Grindstone  Canyon  below 
Euchre  Glade,  in  the  SE  l/k   of  Section  8<,  T22N,  R8W,  MDB  &  Mo  The  core 
hole  was  drilled  to  a  depth  of  750  feet  entirely  in  s^andstone  and  shale 
of  the  Franciscan  group. 

Core  samples  were  obtained  for  the  entire  depth  of  the  hole. 
Drilling  resiilts  indicate  that  several  shear  zones  were  penetrated  as 
shown  by  intensely  contorted^  often  crushed  rock.  In  general,  better 
core  recovery  v?as  realized  in  portions  of  the  hole  with  a  high  sandstone- 
shale  ratio.  The  intensity  of  shearing  and  deformation  was  most  intense 
in  fine-grained  shales  with  subsequent  poor  core  recovery. 

Test  Hole  8  -  The  drill  hole;,  TH-8,,  was  located  in  the  NW  l/k 
of  Section  7,  T212)I,  r6w,  MDB  &  M,  near  the  portal  of  a  proposed  tunnel 
alignment.  At  this  location  the  serpentine  belt  thins  and  appears  to  be 
confined  to  several  discontinuous  bodies.  Surface  mapping  was  substantia- 
ted by  the  drill  hole,  as  no  appreciable  amount  of  serpentine  was  pene- 
trated. 

Areal  Geology 

The  regional  topography  of  the  Northern  Coast  Ranges  is  chsurac- 
terized  by  a  series  of  northwest-trending  ranges  ajad  caasyons.  This  trend 
is  readily  reflected  in  the  prevalent  attitude  of  the  Franciscan  rock 
\inits  -  predominantly  northwestward  strikes  with  variably  eastward  dips 
were  mapped  in  the  area.  Local  reversals  of  attitude  due  to  minor  fold- 
ing and  faulting  are  common  and  tend  to  obscvire  the  regional  structure. 

The  rocks  in  the  area  have  been  extensively  folded,  faulted, 
sheared,  and  intr^aded  by  basic  and  ultrabasic  igneous',  rocks.  It  is 
generally  concluded  that  the  Franciscan  rocks  have  undergone  several 
periods  of  extensive  deformation,  with  successive  structural  trends  super- 
imposed one  on  top  of  the  other,  giving  rise  to  a  highly  disordered  appear- 
ance of  Franciscan  rock  units.  The  earliest  period  of  folding  and  faixLting 
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is  believed  to  have  taken  place  in  the  Cretaceous  with  subsequent  periods 
of  severe  deformation  in  the  Tertiary  emd  Quaternary  periods.  These 
disturbances  have  deformed,  compressed,,  ajid  sheared  Franciscan  rock  units 
and  have  caused  development  of  slates  and  entirely  recrystallized  low 
grade  schists. 

For  purposes  of  geologic  mapping  the  area  was  subdivided  into 
four  lithologic  units  based  primarily  on  the  intensity  of  regional  meta- 
morphism.  Rocks  of  highest  metamorphic  grade  in  the  area  were  placed  in 
the  Plaskett  unit  which  occurs  near  the  eastern  periphery  of  the  area 
studied.  This  area  of  Plaskett  rock  types  is  bounded  on  the  west  by  the 
Transitional  ajid  Franciscan  urdts  which  show  a  progressively  lower  meta- 
morphic grade.  Plaskett  rocks  also  are  found  at  high  elevations  in  the 
central  portion  of  the  area  studied  as  shown  on  the  geologic  map,  Plate  7. 

The  Plaskett  schists  and  phyllites  contain  the  same  lithologic 
types  as  found  in  the  slightly  metamorphosed  Franciscan  to  the  west,  and 
may  represent  a  mildly  metamorphosed  phase  of  the  Franciscan.  Sediment- 
ary textures  are  apparent  even  in  areas  of  relatively  intense  deformation. 

The  boundaries  between  the  Plaskett,  the  Transitional,  and  the 
Franciscan  rock  types  are  extremely  complex.  Gradational  contacts  have 
been  observed  in  Grindstone  Canyon  where  intensely  crenulated  quartz- 
sericite  schist  grades  into  slaty  shale  and  graywacke  with  all  intermed- 
iate stages  of  metamorphism  present  between  the  units.  This  transition 
takes  place  within  a  distance  of  3  miles.  The  relationships  between 
rocks  of  higher  and  lower  metamorphic  grade  in  a  direction,  nonnal  to 
the  major  drainage  are  not  entirely  understood.  There  is  evidence  of 
both  gradational  as  well  as  thrust  fault  contacts. 

A  less  prominent  belt  of  metamorphic  rocks  occupies  the  crestal 
regions  of  Etsel  and  adjacent  ridges.  Slates  and  schistose  sandstones 
are  the  predominant  rock  types.  Transitional  contacts  with  imdeforraed 
rocks  were  observed  to  the  west.  Several  shear  zones  were  mapped  along 
the  eastern  periphery  of  the  metamorphic  belt  indicating  a  possible  fault 
contact . 
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structure 

Several  major  folds  have  been  outlined  in  the  area  inapped  (see 
Plate  7).  The  two  metamorphic  belts  appear  to  be  located  in  two  northwest 
trending  synclinoriums ,  separated  by  a  narrow  structiiral  high  along 
Grindstone  Creek.  This  interpretation  is  based  on  the  sequence  of  rock 
types  as  well  as  on  prevailing  attitudes. 

Another  area  of  broad  folding  is  located  along  Etsel  Ridge. 
The  structure  in  this  region  is  only  partially  understood  due  to  dis- 
continuity of  rock  types,  variable  attitude  and  poor  exposures. 

Minor  folding  or  wrinkling,  often  associated  with  shearing, 
has  been  observed  throughout  the  area  mapped^  and  tends  to  obscure  major 
structure.  The  intensity  of  folding  and  wrinkling  of  the  strata  increases 
sharply  from  Franciscan  to  Plaskett  linits,  reaching  a  maximum  in 
Grindstone  Canyon  near  the  serpentine  contact. 

A  marked  reversal  in  the  regional  attitude  of  strata  has  been 
observed  between  the  Plaskett  and  Franciscan  units.  The  regional  strike 
of  Franciscan  units  is  generally  to  the  northwest  with  an  eastward  dip. 
Attitudes  of  the  Plaskett  schists  and  phyllites  are  much  less  consistent, 
as  both  northwest  as  well  as  northeast  strikes  are  ccratnon.  Bedding  is 
not  readily  apparent  and  it  Tra,s  assxaned  that  slaty  cleavage  in  the  meta- 
morphic units  is  roughly  parallel  to  the  stratification.  A  deviation  of 
cleavage  or  schistisoty  from  actual  bedding  may  be  responsible  for  the 
apparent  reversal  of  attitude.  The  reversal  of  strike  can  also  be  inter- 
preted by  introducing  a  thrust  faiolt  at  the  base  of  the  Plaskett  imit. 
The  contact  appears  to  be  a  thxnist  in  the  Black  Butte  River  Canyon  from 
Butte  Creek  to  Logan  Basin. 

A  number  of  major  faults  have  been  delineated  on  the  basis  of 
current  mapping.  Most  conspicuous  of  these  is  a  zone  of  crushed  and 
sheared  graywacke,  shale,  and  greenstone  which  extends  along  the  eastern 
flank  of  Etsel  Ridge,  a  short  distance  above  the  Black  Butte  River  (see 
Plate  7).  This  zone  ranges  from  200  to  5OO  feet  in  width.  Near  the  Eel 
River  flanger  Station  highly  sheared  and  contorted  rock  was  observed  over 
a  width  of  some  2,000  to  3,000  feet,  possibly  indicating  an  intersection 
of  several  shear  zones.  The  Black  Butte  fault  zone  is  characterized  by 
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highly  sheared  rock  and  clayey  to  silty  gouge,  and  in  many  places  slides 
have  developed  due  to  the  incompetency  of  fault  zone  material.  The 
extent  of  this  fault  was  traced  from  a  point  a  mile  dovnstreara  from  the 
Eel  River  Ranger  Station  to  Logan's  Basin  on  the  Black  Butte  Reservoir, 
a  distance  of  some  15  miles. 

A  second  major  fault  zone  is  exposed  on  the  Eel  River  nesir  the 
mouth  of  Williams  Creek.  This  zone  is  at  least  2,000  feet  wide  and  con- 
sists of  highly  sheared  and  contorted  graywacke,  shale,  and  greenstone. 
The  rocks  in  many  places  are  polished  and  squeezed  into  ellipsoidal  or 
lenticular  shapes.  This  zone  when  projected  on  strike  woiold  he  expected 
to  lie  beneath  and  parallel  to  the  crest  of  Btsel  Ridge  (see  Plate  7). 

N\jmerous  northwest -trending  shears  and  faiolt  zones  occur  in  the 
Grindstone  and  Thomes  Creek  Canyons  where  they  are  well  exposed  near  the 
active  stream  channels.  Many  of  these  shear  zones  are  up  to  50  feet  in 
width  but  do  not  seem  to  be  continuous  over  more  than  a  mile  in  length. 
Similar  shear  or  fault  zones  are  suspected  beneath  the  accumulations  of 
landslide  material  and  slopewash  above  the  streams  and  near  ridge  tops. 

The  structural  relationship  of  the  serpentine-Plaskett  contact 
indicate  faulting  as  well  as  intrusion.  In  several  places  such  as  in 
Grindstone  Canyon  and  Lake  Hollow  in  Thomes  Canyon  the  contact  appears 
to  be  a  fault  with  sheared  and  crushed  rocks  on  the  ultra-basic  belt 
having  been  moved  up  with  relation  to  the  Plaskett  schists.   In  other 
places,  however,  the  fault  movements  are  not  so  clear  and  it  is  likely 
that  no  great  displacement  has  occurred  along  a  portion  of  the  contact. 
The  same  holds  true  on  the  east  edge  of  the  ultra-basic  belt  which  is  in 
contact  with  the  Knoxville  formation.  In  some  places  a  great  deal  of 
shearing  appears  along  this  contact,  but  elsewhere  the  contact  is  clearly 
intrusive . 

Tunneling  Conditions 

Four  general  rock  or  geologic  units  were  recognized.  In  the 
order  of  increasing  cost  of  tunneling  these  are:   (l)  the  Plaskett  Unit, 
(2)  the  Transitional  or  transitional  Franciscan,  (3)  unmetamorphosed 
Franciscan,  and  {k)   rocks  of  the  ultra-basic  or  serpentine  belt.  In 
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general,  tunneling  conditions  tend  to  improve  with  increase  in  the 
intensity  of  metamorphism  ajid  subsequent  increase  in  the  degree  of 
induration  of  the  first  three  geologic  units. 

Each  geologic  unit,  as  a  whole,  has  quite  distinct  engineering 
geologic  properties.  However,  with  the  exception  of  the  serpentine  belt, 
all  contacts  were  found  to  be  gradational  in  natiire.  This  should  be  kept 
in  mind  when  referring  to  the  geologic  map  (see  Plate  7)  where  contacts 
are  shown  more  or  less  as  definite  geologic  boundaries o 

Plaskett  Unit.  The  Plaskett  rocks  include  phy]JLite,  schist, 
semi-schist,  and  greenstone  that  exhibit  a  considerable  degree  of  meta- 
morphism.  In  general,  the  rocks  are  hard  to  very  hard,  moderately  jointed 
and  are  difficiolt  to  break,  particularly  normal  to  the  foliation. 

Schists  and  semi-schists  are  tough,  well  indurated,  and  moder- 
ately fractiired  rocks  with  well  developed  cleavage  and  schistosity.  Locally 
the  schist  may  contain  up  to  30  percent  by  volume  of  vein  quartz.  Schists 
and  semi- schists  appear  to  be  highly  desirable  rocks  for  tianneling,  as 
well  as  the  massive  Black  Butte  greenstone  member  and  other  greenstone 
bodies . 

Phyllites  are  somewhat  softer  than  schist  and  will  break  easily 
along  cleavage  planes.  Some  overbreak  may  be  anticipated  in  Plaskett 
phyllites,  especially  when  the  tunnel  will  cut  the  rock  obliquely  to  the 
cleavage . 

Overall,  the  Plaskett  vmit  should  not  present  any  extensive 
tunneling  difficulties. 

Transition  Unit.  Rocks  of  the  Transition  unit  represent  an 
intermediate  state  of  metamorphism  between  the  moderately  well  metamor- 
phosed Plaskett  and  the  Franciscan  rocks.  The  Transition  unit  is  com- 
posed chiefly  of  slate,  phyllite,  and  slightly  schistose  sandstone  or 
graywacke.  Several  relatively  discontinuous  greenstone  bodies  have  also 
been  mapped  within  this  unit. 

Phyllites  and  slates  have  a  weJJL  developed  slaty  cleavage  and 
are  extensively  jointed.  Overbreak  in  these  rock  units  is  expected  to 
be  quite  high.  Schistose  sandstone  in  the  Transition  unit  is  generally 
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moderately  jointed  and  well  indurated  emd  often  exhibits  flaggy  fractur- 
ing. Thick  sections  composed  predominantly  of  schistose  sandstone  have 
been  mapped  in  the  Upper  Grindstone  area. 

Transition  rocks  in  general  are  less  competent  than  the  Plaskett 
unit,  altho;igh  highly  competent  rock  is  locally  present. 

Franciscan  Group.  Franciscan  rocks  as  a  whole  appear  to  provide 
the  least  favorable  tunneling  conditions  of  the  three  main  geologic  units 
aoad  exhibit  the  lowest  degree  of  metamorphism.  The  Franciscan  is  repres- 
ented by  interbedded  shales,  mudstones,  and  graywacke  with  subordinate 
amounts  of  conglomerate,  greenstone,  and  chert.  Shale  and  mudstone  are 
the  most  abundant  rock  types  in  the  area.  Shales  are  thinly  bedded,  often 
show  slate-like  partings,  and  are  usually  found  interbedded  with  sand- 
stone, with  individual  units  rarely  exceeding  2  feet.  Due  to  their 
relatively  incompetent  nature  the  shales  and  mudstones  have  undergone  a 
high  degree  of  deformation.  These  imits  are  usually  intensely  sheared 
and  fractiired  or  completely  crushed. 

Sandstones  occur  in  beds  of  varying  thickness  averaging  about 
2  feet  and  rarely  exceeding  20  feet  in  thickness.  Sandstones  are  moder- 
ately to  intensely  jointed  and  should  provide  relatively  desirable  timnel- 
ing  conditions.  Other  minor  rock  types  in  the  Franciscan  include  conglo- 
merate, greenstone,  chert,  and  limestone.  These  rock  types  comprise  about 
25  percent  of  the  whole  group. 

The  rock  conditions  in  the  Franciscan  lanit  can  be  described  as 
very  blocky  and  seamy  to  completely  cnished. 

Considerable  squeezing  may  be  expected  locally  in  highly  sheared 
incompetent  shale,  necessitating  an  invert,  strut  or  similar  protection 
against  lateral  pressure. 

Fa'jilt  Zones.  All  current  tunnel  alignments  will  intersect  at 
least  one  major  shear  zone  (see  Plate  7)« 

Fault  or  shear  zones  are  recognized  by  intensely  sheared  and 
brecciated  rock  and  are  at  times  in  excess  of  1,000  feet  in  thickness. 
Displacements  were  very  difficult  to  determine  due  to  lack  of  continuity 
of  lithologic  lonits. 
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The  rock  -vTithin  a  major  shear  zone  can  be  classified  as  highly 
incompetent  and  completely  crushed.  Squeezing  conditions  -will  probably 
prevail  throughout  at  least  one-third  of  the  major  shear  zones.  Closely 
sjjaced  circxiLar  support  v/ill  probably  be  requiredo 

Large  water  inflows  under  high  pressures  are  anticipated  in 
intensely  brecciated,  sheared  rock. 

Serpentine  Belt.  Rock  units  of  the  serpentine  belt  will  provide 
the  least  desirable  tunneling  conditions  of  the  four  units.  The  rock  is 
intensely  fractured  and  often  completely  crushed.  The  degree  of  fractur- 
ing and  shearing  is  not  expected  to  diminish  with  depth  to  any  great 
extent.  Niimeroxos  fractures  and  shears  are  an  inherent  property  of  serpen- 
tine because  during  the  serpentinization  process  an  increase  in  volume 
of  the  entire  rock  body  occurs  through  addition  of  water  and  the  adjust- 
ment of  the  rock  to  internal  stresses  is  by  shear  and  brecciation. 
Competent  bodies  of  rock  have  been  mapped  in  the  serpentine  belt;  however, 
they  appear  to  be  discontinuous  and  bounded  on  all  sides  by  sheared 
serpentine. 

As  a  whole  the  serpentine  belt  \jnits  were  classified  as  comple- 
tely crushed,  moderately  squeezing  rock.  Circular  ribs  or  invert  support 
will  be  required  to  compensate  for  lateral  pressures  where  encoimtered. 
Water  inflow  in  the  serpentine  will  be  large  and  irnder  moderate  to  high 
hydrostatic  pressures. 

Ground  Water 

Annual  precipitation  in  the  crestal  and  flanking  regions  of 
the  area  averages  60  inches  yearly.  Large  stands  of  timber  and  dense 
brush  as  well  as  other  vegetation  cover  most  of  the  area.  The  main 
streams  flow  perennially,  but  some  tributaries  become  dry  during  the 
summer.  Niomerous  springs  were  noted  at  various  elevations.  Most  springs 
are  perennial  and  continue  to  flow  in  the  dryest  years  even  at  high 
elevations.  Mildly  sulfurous  waters  are  kncTra  from  only  four  localities. 
No  hot  water  springs  were  foimd  or  are  knovm  in  the  immediate  area. 

Water  inflow  in  the  tunnel  should  be  high  owing  to  a  relatively 
high  depth  of  cover  and  intense  fractiiring  of  the  rock.  Higjiest  inflows 
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are  expected  in  crushed  and  brecclated  rock,  where  the  water  is  able  to 
move  downvra,rd  through  interconnected  fractures. 

Tunneling  Conditions  Zones 

Four  zones  were  differentiated  on  the  relative  tunneling  condi- 
tions map  (see  Plate  7  aJid  Table  h) .     These  zones  are  not  necessarily 
delimited  by  lithologic  or  format ional  boundaries  but  are  more  closely 
related  to  engineering  properties  of  the  rocks  in  the  general  area  and 
are  projected  to  tunnel  grade.  Factors  such  as  degree  of  fracturing, 
chemical  alteration,  hardness,  stratification,  and  schistosity  were  used 
in  deterroining  the  relative  competency  of  the  rock.  Additional  field 
study  is  required  to  properly  evaluate  the  tunneling  conditions  at  any 
particular  point  within  a  zone  or  along  a  definite  alignment.  Most 
favorable  tunneling  conditions  should  be  encountered  in  Zone  1,  becoming 
progressively  less  favorable  in  Zones  2,  3^  sjid  k.     The  road  load 
factors  assigned  to  each  of  the  zones  are  described  in  Department  of 
Water  Resources  Bulletin  No.  "Jd,   Appendix  C,  "Procediire  for  Estimating 
Cost  of  Tunnel  Constixiction". 

Recommendations 

1.  Additional  geologic  mapping  is  desirable  to  determine  the  geologic 
structure  with  a  greater  degree  of  accuracy.  Detailed  mapping  along  most 
favorable  alignments  should  be  conducted  for  proper  evaluation  of  tunneling 
conditions . 

2.  Core  drilling  is  recommended  to  determine  whether  the  schists  are 
present  at  tunnel  grade .   A  favorable  drill  hole  location  would  be  at  Oak 
Knoll  where  the  Plaskett  schists  are  suspected  to  occur  as  a  thin  unit. 

3.  A  magnetometer  survey  is  recommended  to  assist  in  determining  the 
structure  of  known  serpentine  bodies  which  do  not  outcrop.   A  magnetic  survey 
could  also  be  used  to  project  fault  zones  which  are  characterized  by  discon- 
tinuous pods  of  serpentine. 

h.      Core  drilling  along  the  northern  or  the  Spencer-Glenn  alignment. 
Drill  holes  could  be  located  in  the  portal,  and  shaft  areas . 

5.  Detailed  geologic  mapping  silong  the  proposed  tunnel  alignment. 
Special  emphasis  should  be  made  on  mapping  of  shale-sandstone  ratio.   All 
mapping  should  be  projected  to  txinnel  grade. 

6.  Excavation  of  an  exploratory  adit,  located  to  give  a  most  representa- 
tive cross-section  of  rock  types  'onder  a  considerable  depth  of  cover. 
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ELk  Creek  Tunnel 

The  Elk  Creek  Tunnel  is  designed  to  convey  the  surplus  flows 
of  the  Middle  Eel  River  to  English  Ridge  Reservoir  on  the  Upper  Eel  River. 
The  tunnel  area  is  covered  by  the  Eden  Valley  USGS  quadrangle  map  with 
a  scale  of  1:62,500  and  a  contour  interval  of  100  feet.  Access  into  the 
tunnel  area  is  provided  by  several  unimproved  private  roads  and  large 
sections  of  the  area  can  be  reached  on  foot  only.  The  tunnel  area  be- 
comes virtually  inaccessible  in  the  winter  or  after  prolonged  rain. 

Four  alternative  tunnel  alignments  were  investigated  during 
the  brief  reconnaissance  and  are  shown  as  lines  A  through  D  on  Plate  8, 
"Tunneling  Conditions  Map  and  Sections" .  The  geologic  work  is  of 
preliminary  nature  and  detailed  geologic  mapping  is  needed  for  an  ade- 
quate evaluation  of  the  tunneling  conditions  in  this  geologically  com- 
plex region.  Geologic  mapping  is  greatly  handicapped  by  heavy  overburden 
and  vegetation  and  by  the  poor  accessibility  of  the  tunnel  area. 

Tunneling  Conditions 

The  proposed  ELk  Creek  Tunnel  alignments  are  underlain  by  sedi- 
mentary, igneous,  and  metamorphic  rocks  of  the  Central  Belt  Franciscan 
belt.  Rock  types  mapped  included  sandstone,  shale-mudstone,  chert, 
greenstone,  phyllite  and  slate,  serpentine,  and  partially  serpentinized 
ultrabasic  rock.  Minor  units  consist  of  conglomerate,  glaucophane  schist, 
and  various  exotic  rocks  associated  with  serpentine  and  major  fault  zones. 
Virtually  all  rock  units  crop  out  as  discontinuous  northwest  oriented 
lenses  and  no  differentiation  of  rock  types  co\iLd  be  attempted  during 
reconnaissance  study.  Plate  8  shows  belts  or  assemblages  of  rock  types 
which  as  a  group  constitute  a  distinct  tunneling  conditions  unit. 

Rock  Types 

Sandstone.  The  sandstone  is  generally  a  dense,  fine-grained 
graywacke  with  frequent  shale  interbeds.  It  has  a  characteristic  greenish- 
gray  color  when  fresh, weathering  to  a  tan-brown.  Tunneling  conditions  in 
the  sajidstone  can  be  sunmiarized  as  moderately  blocky  and  seamy. 
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Shale.  Shale  and  siltstone  are  thinly  bedded^  dark-colored 
rocks,  usually  shoving  slaty  partings  or  cleavage.  The  degree  of  frac- 
turing is  most  intense  in  thin  shale  lenses  interbedded  vith  more  resis- 
tant rock.  Outcrops  of  shale  are  poor  du.e  to  deep  weathering  and  heavy 
soil  mantle.  Fresh  exposures  are  generally  confined  to  active  stream 
chajanels . 

A  thick  section  of  shale  and  siltstone  vas  mapped  on  the  west- 
ern slope  of  Bald  Mountain.  Extensive  landsliding  in  this  area  reflects 
the  relative  incompetency  and  susceptibility  to  weathering  of  the  under- 
lying rock.  Tunneling  conditions  in  the  shale  will  be  very  blocky  and 
seamy  to  completely  crushed. 

Fhyllite  and  Slate.  Phyllite  and  slate  represent  moderately 
metamorphosed  shale  and  siltstone.  The  effect  of  metamorphism  was  to 
weld  the  rock  into  a  more  resistant  unit  than  the  original  material.  The 
rock  is  generally  dark  and  fine-grained,  showing  intense  contortion  and 
crenulation  of  the  bedding.  Slaty  cleavage  may  be  observed  locally. 
Overall,  the  rock  may  be  considered  as  schistose  to  moderately  blocky 
and  seamy. 

Greenstone.  Greenstone  represents  altered  basic  igneous  rock 
and  is  usually  the  most  resistant  unit  of  the  Frsmciscan  group.  Green- 
stone crops  out  in  roimded  steep  sided  pliigs  or  stacks  along  the  tunnel 
lines.  Tunneling  conditions  vary  from  massive  to  moderately  blocky  and 
seamy. 

Ultrabasic  Rock.  Several  large  bodies  of  ultrabasic  igneotis 
rock,  apparently  of  intrusive  origin,  were  mapped  near  the  tunnel  align- 
ment. The  rock  is  usually  very  fine-grained  and  dark  colored  and  may 
locally  be  equivalent  to  greenstone.  Portions  of  the  rock  have  been 
sheared  and  serpentinized.  It  was  estimated  that  ixLtrabasic  rock  contains 
about  5  percent  of  serpentine. 

Tunneling  in  the  ultrabasic  rock  will  be  highly  variable,  ranging 
from  moderately  blocky  and  seamy  to  very  blocky  and  seamy  and  completely 
crushed. 
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Serpentine .  Serpentine  -will  provide  the  most  undesirable  tunnel- 
ing conditions.  The  rock  is  intensely  fractured  to  completely  crushed. 
The  degree  of  fracturing  and  shearing  will  not  diminish  to  any  great 
extent  with  depth. 

Serpentine  may  be  classified  as  completely  crushed,  moderately 
squeezing  rock. 

Faulting 

Based  on  preliminary  geologic  reconnaissance,  at  least  two  major 
favilts  traverse  the  tunnel  area.  The  faiilt  zones  are  typified  by  complet- 
ely crushed  gougy  rock  and  often  contain  lenses  of  sheared  serpentine. 
Springs,  seeps,  and  lajidslides  are  common  along  the  fa\ilt  trace. 

Minor  faults  and  shears  are  extremely  common  throughout  the 
region  and  the  whole  timnel  area  appears  to  have  sviffered  successive 
periods  of  very  strong  deformation.  Detailed  geologic  mapping  is  needed 
to  locate  any  concealed  fault  zones  and  to  delimit  areas  of  strong  deforma- 
tion. 

Water 

Water  inflow  into  the  proposed  Elk  Creek  Tunnel  will  be  moder- 
ate to  high.  The  average  rainfall  in  the  area  varies  from  50  to  60  inches 
annually.  Nixmerous  springs  and  seeps  were  observed  even  at  high  eleva- 
tions. Highest  inflows  will  be  in  crushed  and  brecciated  rock,  where 
water  can  seep  downward. 

Tunneling  Conditions  Zones 

The  tunnel  area  was  subdivided  into  four   tunneling  conditions 
zones  based  on  the  cost  of  tunneling  as  related  to  the  rock  conditions. 
Overall  the  tunneling  characteristics  in  the  area  will  be  poor  and  will 
range  from  moderately  blocky  and  seamy  to  very  blocky  and  seamy  to  comple- 
tely crushed.  The  txmneling  zones  were  recognized  from  air  photo  inter- 
pretation with  only  limited  field  check.  The  bo\indaries  as  shown  on 
Plate  8  should  be  considered  as  diagrammatic  in  part.  The  rock  load 
factors  assigned  to  the  four  zones  are  described  in  Department  of  Water 
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Resources  BiiLletin  Wo.  78^  Appendix  C,  "Procediire  for  Estimating  Costs 
of  Tiinnel  Construction". 

Zone  1.  Zone  1  consists  of  sedimentary  rock  units  of  the 
Central  Belt  Franciscan  which  are  only  moderately  sheared  and  jointed. 
Predominant  rock  types  are  graywacke  sandstone,  shale,  and  an  unusually 
high  concentration  of  thin  bedded  chert.  It  ims   estimated  that  about 
10  percent  of  Zone  I  will  be  excavated  under  wet  heading  conditions. 

Summary  -  Zone  I 


Rock  Condition 

Rock  Load  Hp 
in  feet 

Percent 
:    of  Zone 

Moderately  blocky  and 

seamy 

0.35  (B+H^) 

75 

Very  blocky  and  seamy 

0.725  (B+H^) 

25 

Zone  II.  Zone  II  is  similar  geologically  to  Zone  I  but  contains 
a  higher  shale -sandstone  ratio  and  shows  considerably  more  shearing  and 
fracturing . 

Summary  -  Zone  II 


Rock  Condition 

Rock  Load  Hp 
in  feet 

Percent 
of  Zone 

Very  blocky  and  seamy 

0.725  (B+H^) 

90 

Completely  crushed 

1.10  (B+H^) 

10 

About  15  percent  of  Zone  II  will  be  "wet  heading"  tunneling. 

Zone  III.  This  zone  consists  of  sheared  and  fractured  Francis- 
can sedimentary  rock,  intruded  by  serpentine  and  cut  by  numerous  faults 
and  shear  zones.  A  detailed  mapping  program  is  necessary  for  a  proper 
evaluation  of  the  tunneling  conditions  within  this  unit.  All  rock  units 
are  discontinuous  and  present  aji  extremely  disoriented  assemblage. 
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Summary  -  Zone  III 


Rock  Condition 

Rock  Load  Hp 
in  feet 

Percent 
of  Zone 

Very  blocky  and  seamy 

0.725  (B+H^) 

50 

Completely  crushed 

1.1  (B+H^) 

50 

About  20  percent  of  this  zone  is  expected  to  be  "wet  heading"  tunneling. 

Zone  IV.  This  zone  covers  the  two  major  fault  zones  mapped  in 
the  tunnel  area.  The  rock  is  completely  crushed  and  is  reduced  locally 
to  a  clayey  gouge  with  very  little  strength.  Numerous  springs  and  seeps 
along  the  fault  trace  indicate  that  large  inflows  shovild  be  expected  at 
tiHinel  grade.   Squeezing  conditions  and  "running  ground"  can  occur  in 
completely  cirushed  saturated  rock  necessitating  grouting  eihead  of  the 
heading  and  closely  spaced  circular  steel  ribs. 

Summary  -  Zone  IV 


Rock  Condition 

Load  Factor 
Hp  in  feet 

Percent 
of  Zone 

Completely  crushed 

1.1  (B+H^) 

75 

Moderately  squeezing 

2.1  (B+H^) 

25 

Fifty  percent  of  Zone  IV  is  expected  to  be  "wet  heading"  tunneling. 

Conclusions 

1.  The  geologic  investigation  of  the  proposed  tunnel  consisted 
primarily  of  aerial  photo  analysis  with  little  field  check  and  should  not 
be  considered  adequate  for  advanced  planning. 

2.  The  proposed  Elk  Creek  timnel  lies  in  an  area  of  extreme 
geologic  deformation  and  will  encounter  a  high  percentage  of  poor  rock. 

3.  The  tunnel  will  be  100  percent  supported  and  lined. 

U.  Water  inflows  are  expected  to  be  generally  high  especially 
in  sheared  and  fractured  rock  under  considerable  depth  of  cover.  No  hot 
or  mineralized  ground  water  was  noted  in  the  area. 
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Recommendations 

1.  A  detailed  geologic  investigation  is  required  to  determine 
the  geologic  structure  and  tunneling  conditions  with  a  greater  degree  of 
accuracy  so  that  the  most  favorable  alignment  can  be  selected. 

2.  An  airborne  magnetometer  survey  in  areas  of  the  tunnel 
\inderlain  by  serpentine  is  recommended.  This  survey  should  be  closely 
coordinated  with  geologic  mapping. 

3.  Later  stage  investigations  should  include  trenches  and 
drill  holes  along  the  most  favorable  alignment  and  portal  areas  in 
addition  to  test  adits  in  representative  rock  assemblages. 
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Upper  Etsel  Damsite 

Upper  Etsel  damsite  is  located  on  the  Middle  Fork  Eel  River, 
^-1.12   miles  southeast  of  Covelo.  The  site  is  an  alternative  to  Spencer 
damsite  which  is  located  2  air  miles  upstream.  The  USGS  Covelo  qioad- 
rangle,  with  a  scale  of  1:62,500  and  contour  interval  of  100  feet,  and 
a  Department  of  Water  Resources  map,  with  a  scale  of  1:^800  and  contour 
interval  of  20  feet,  provide  topographic  coverage  of  the  area. 

A  reconnaissance  geologic  investigation  was  conducted  for  a 
1)- 50- foot -high  fill-type  dam  with  a  crest  elevation  of  about  1,735  feet. 
The  purpose  of  the  investigation  was  to  determine  the  foundation  condi- 
tions beneath  the  dam  and  in  the  spillway  area,  and  locate  suitable 
construction  materials. 

Geology  of  the  Site 

The  foiindation  rock  is  slate  (65  percent),  sandstone,  and  a 
small  amount  of  conglomerate,  all  in  the  slightly  metamorphosed  Franciscan 
formation.  The  rock  has  been  folded  and  strikes  generally  northwest,  but 
the  dip  varies  considerably.  The  slate  is  slightly  to  moderately  con- 
torted, and  the  sandstone  is  slightly  schistose.  Where  the  slate  is  un- 
contorted,  it  splits  easily  into  thin,  platy  sheets.  The  folding  and 
metamorphism  which  the  rock  has  been  subjected  to  has  generally  increased 
its  competency. 

The  rock  is  lightly  jointed  with  the  joint  planes  generally 
spaced  over  3  feet  apart.  The  joint  and  foliation  planes  are  tight  and 
impervious.  No  faults  were  observed  at  the  site  and  only  minor  shears 
were  noted.  Leakage  through  the  foundation  and  abutments  is  not  expected 
to  be  a  problem.  It  is  estimated  the  grout  take  for  a  cutoff  will  be  low. 

The  fresh  rock  has  adequate  strength  to  support  a  dam  of  the 
desired  height.  In  the  channel,  the  rock  is  fresh  and  well  exposed  on 
the  surface,  but  on  the  abutments  it  is  covered  by  soil  and  is  weathered 
to  considerable  depth.   It  is  estimated  that  stripping  of  up  to  30  feet 
of  soil  and  weathered  rock  will  be  required  on  the  upper  part  of  the  abut- 
ments for  a  dam  i4-50-feet  high.  The  following  table  gives  the  estimated 
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stripping  requirements.  About  75  percent  of  the  material  stripped  from 
the  abutments  could  be  used  in  the  fill. 


Stripping  Estimates 


Left  Abutment 


Channel 


Right  Abutment 


Impervious 

Averages 
15  feet 

5-10  feet  of 
gravels. 

Averages 
25  feet 


Pervious 

Averages 
10  feet 

None 


Averages 
15  feet 


Roc kf ill 

Averages 
15  feet 

5-10  feet  of 
gravels . 

Averages 
25  feet 


NOTE:  Right  abutment  contains  a  terrace  up  to  50  feet  thick  at 
elevation  1,550. 

The  right  abutment  contains  two  old  stream  terraces  at  eleva- 
tions 1,3^0  and  1,550.  The  upper  terrace  has  a  maximum  thickness  of 
about  50  feet,  but  the  average  thickness  is  probably  not  over  20  feet. 
The  lower  terrace  averages  about  5  feet  in  thickness.  Material  in  the 
terraces  consists  of  clayey  silty  gravel,  which  appears  to  be  semi- 
pervious.   It  should  be  stripped  beneath  the  impervious  zone,  and  also 
beneath  any  rockfill  section.  Kie  stripped  material  can  be  used  in  the 
fill. 

Spillway 

An  around-the-end  type  spillway  co\ild  be  located  on  the  left 
abutment,  but  it  would  require  a  deep  cut.  Cut  slopes  should  be  about 
1-|-:1  in  the  upper  50  feet  of  the  cut,  and  about  1:1  below.  Foundation 
rock  and  excavated  rock  would  be  mostly  slate  and  would  be  unsuitable 
for  use  in  the  fill  because  of  its  platy,  fissile  character.   Consequently, 
a  shaft-type  spillway  may  be  more  suitable.  The  slate  will  require  full 
lining  and  support  in  tunneling  operations,  but  it  should  present  no 
unus\ial  difficulties  in  construction. 

Construction  Materials 

The  results  of  earlier  surveys  for  construction  materials  for 
Spencer,  Franciscan,  and  Jarbow  damsites,  with  modifications  due  to 
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subsequent  work,  are  included  in  this  report  since  much  of  the  material 
is  within  a  reasonable  haul  distance  of  the  Upper  Etsel  damsite.  Plate  6 
shows  the  locations  of  the  areas,  and  Table  5  describes  the  more  impor- 
tant features  of  each  area. 

Impervious  Material.  Area  1-5,  located  along  the  crest  of 
Dingman  Ridge,  appears  to  be  the  best  source  of  impervious  material.   It 
is  predominantly  clayey  silt,  formed  by  the  weathering  of  slates  and 
phyllites.  Below  a  depth  of  10  to  15  feet,  most  of  the  material  con- 
sists of  soft,  weathered  rock  fragments  which  easily  break  down  to  clayey 
silt.  Very  few  rock  fragments  would  remain  intact  after  compaction. 
The  material  has  very  low  permeability  and  moderately  low  shear  strength. 
Seven  auger  holes  show  that  the  average  thickness  of  usable  material  is 
over  20  feet  along  the  ridge  crest.  Over  20  million  cubic  yards  of 
material  are  available  within  2  miles  of  the  site. 

Area  1-k   is  a  stream  terrace  upstream  of  the  axis,  and  contains 
about  1.5  million  cubic  yards  of  clayey,  sandy  gravels.  The  gravels  are 
up  to  12  inches  in  diameter,  but  they  are  unsound  and  break  do^m  easily 
under  light  hammer  blows.   It  appears  that  the  material,  after  compaction, 
woxiLd  have  low  permeability,  but  it  may  be  suitable  for  use  as  semi- 
pervious  fill  only. 

Pervious  and  Semi-Pervious  Material.   Five  areas  containing 
perxaous  or  semi-pervious  material  have  been  located  and  described  in 
investigations  for  other  damsites.  They  are  P-1,  P-2,  P-3)  P-^,  and  P-5 
as  shown  on  Plate  6  and  described  in  Table  5- 

One  other  source  of  pervious  material  not  shown  on  Plate  6 
occurs  along  the  stream  channel  downstream  from  the  site.  It  contains 
an  estimated  200,000  cubic  yards  of  coarse  gravel  per  mile  of  channel, 
upstream  and  downstream  from  the  dam  axis.  The  gravels  are  not  contin- 
uous but  are  concentrated  in  bars.  The  maximum  thickness  in  the  bars 
is  estimated  to  be  less  than  20  feet,  and  the  average  thickness  about 
5  feet.  The  gravels  woiAld  have  to  be  processed  for  use  in  filters  or 
drains  since  over  50  percent  is  larger  than  h   inches  in  diameter.  High 
water  in  the  river  would  flood  the  deposits.  Except  for  gradation,  the 
material  is  suitable  for  use  as  aggregate. 
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Rockfill  and  Riprap.  Areas  R-1  and  R-2  on  Plate  6  are  located 
within  2  railes  of  the  dam  axis  and  contain  rock  believed  to  "be  suitable 
for  use  as  rockfill. 

Area  R-2  contains  over  20  million  cubic  yards  of  greenstone. 
Outcrops  are  scarce  but  the  rock  observed  is  highly  fractured,  and  it  is 
believed  this  condition  will  extend  to  considerable  depth.  If  so,  the 
excavated  rock  will  consist  mostly  of  fragments  smaller  than  about 
6  inches,  and  will  contain  considerable  fine  material.  However,  the 
fresh  rock  is  strong  and  tough,  and  should  be  suitable  for  use  as 
rolled  rockfill,  with  selected  portions  suitable  for  riprap.  Some 
selective  excavation  will  be  necessary  because  of  included  phyllites, 
cherts,  and  local  deeply  weathered  areas.  The  average  stripping 
required  to  obtain  suitable  rock  is  estimated  to  be  30  feet. 

Area  R-1  contains  an  estimated  I.5  million  cubic  yards  of 
greenstone,  similar  to  that  in  R-2  but  less  fractured.  The  material 
is  well  exposed  on  the  surface  and  is  believed  to  be  the  best  source 
of  large  rock.  Required  stripping  will  be  about  5  feet. 

Area  R-S?  located  2-l/2  miles  downstream  from  the  axis,  is 
considered  as  a  possible  source  of  material  for  Jarbow  damsite.   It 
reportedly  contains  20  million  cubic  yards  of  interbedded  sandstone 
(75  percent)  and  shale  (25  percent)  suitable  for  use  as  rockfill  or 
riprap. 

Conclusions 

1.  The  foundation  rock  has  adequate  strength  to  support  a 
fill-type  dam  of  the  desired  height  of  ^50  feet. 

2.  The  thin  ridges  on  the  upstream  and  downstream  edges  of 
the  fill  have  adequate  strength  to  allow  the  dam  to  be  butted  against 
them  without  requiring  measures  to  increase  their  structural  stability. 

3.  If  the  spillway  is  located  on  the  left  abutment,  over 

75  percent  of  the  excavated  material  will  have  to  be  wasted.  A  shaft- 
type  spillway  may  be  more  practical. 

k.  Diversion  timnels  and  outlet  works  can  be  located  where 
most  convenient. 


5.  Sufficient  impervious  material  is  available  within 
2  miles  of  the  site. 

6.  Less  than  k   million  cubic  yards  of  pervious  material 
are  available  within  3  air  miles  of  the  site. 

7-  Over  20  million  cubic  yards  of  greenstone  suitable  for 
rolled  rockfill  are  available  within  2  air  miles  of  the  site.  Por- 
tions of  this  rock  will  suitable  for  use  as  riprap. 
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Mill  Creek  Damsite 

Mill  Creek  damsite  is  on  Mill  Creek  approximately  6  miles 
southeast  of  the  town  of  Covelo,  Mendocino  Coimty,  California.  Tlie 
proposed  axis  is  in  the  S  l/2  of  Section  23  and  the  N  l/2  of  Section  26, 
T22N,  R12W,  MDB  &  M.   The  USGS  15  minute  quadrangle,  with  a  scale  of 
1:62,500  and  a  contour  interval  of  100  feet,  shows  the  topography  of  the 
area. 

A  graded  county  road  lies  1  mile  west  of  the  damsite.  A  pri- 
vate ungraded  road  runs  from  the  county  road  to  the  Middle  Fork  Eel 
River  and  crosses  the  west  abutment  of  the  proposed  dam. 

Description  of  Project 

Mill  Creek  Dam  will  be  part  of  an  alternative  plan  including 
a  large  Dos  Rios  Dam  and  Reservoir.   It  would  be  required  to  prevent 
flooding  of  Round  Valley.  Although  no  spillway  or  outlet  works  would 
be  required,  a  tunnel  would  be  necessary  to  drain  the  valley  to  a  point 
downstream  from  Dos  Rios  Dam.  The  maximum  water  surface  elevation  of 
the  proposed  Dos  Rios  Reservoir  would  be  1,550  feet,  requiring  the  height 
of  the  proposed  earthfill  dam  on  Mill  Creek  to  be  approximately  275  feet. 

Geology  of  the  Site 

The  damsite  is  underlain  by  the  Franciscan  formation  of  Juras- 
sic age.  These  sedimentary  rocks,  well  exposed  in  the  channel  area, 
consist  of  slaty  shale  with  some  interbeds  of  graywacke  sandstone.  The 
beds  trend  across  the  channel  {'Nk'y-SO   W)  and  in  general  dip  downstream 
(70  KE).  Overlying  the  Franciscan  formation  in  the  river  channel  are 
thin  deposits  of  sand,  gravel.,  and  some  talus  blocks. 

Three  small,  shallow  landslides  occur  downstream  from  the  dam 
axis  on  the  north  side  of  the  canyon  and  would  lie  in  the  reservoir  area. 
These  slides  are  of  the  debris  flow  type,  composed  of  soil  and  weathered 
rock  fragments.  They  average  approximately  20  feet  in  thickness. 

The  slaty  shale,  which  comprises  80  percent  of  the  foundation 
rock,  is  gray  to  black, moderately  soft  to  moderately  hard,  aphanitic  to 


-71- 


fine-grained,  and  contains  numerous  small  shear  zones.  The  shale  is 
moderately  jointed,  vrLth  the  joints  trending  approximately  normal  to 
bedding . 

The  sandstone,  which  comprises  20  percent  of  the  foundation 
rock,  is  gray,  fine-to  medium- grained,  and  moderately  hard,  and  occurs 
as  interbeds  varying  from  a  few  inches  to  2  feet  in  thickness. 

Right  Abutment.  The  right  abutment  is  a  moderately  steep 
slope  of  1.75:1-  The  rock  outcrops  are  excellent  near  the  stream 
channel,  but  a  thin  mantle  of  soil  covers  the  foundation  rock  on  the 
rest  of  the  abutment.  The  brush  and  tree  coverage  is  slight.  Wo 
terraces,  landslides,  or  faiiLts  were  observed. 

Channel .  The  present  streeim  channel  is  approximately  kO   feet 
wide,  and  the  flowing  water  was  20  feet  in  width.  The  rock  outcrops 
are  excellent  along  the  channel  section.  Numerous  small  shear  zones 
were  observed,  but  no  major  faialts  were  observed.  The  Franciscan  rock 
is  overlain  by  Recent  alluvium  that  consists  of  sand,  gravel,  and  some 
talus  blocks.  Tlie  stream  gravels  have  an  average  thickness  of  5  feet 
and  a  maximum  thiclaiess  of  10  feet. 

Left  Abutment.  The  left  abutment  has  a  slope  of  approximately 
2-l/2:l,  and  since  it  is  on  the  north  side  of  the  mountain  has  developed 
a  deeper  soil  memtle  than  that  found  on  the  right  abutment.  The  rock 
outcrops  are  excellent  near  the  channel,  fair  in  the  road  cut,  and 
spotty  elsewhere  on  the  abutment.  The  brush  and  tree  coverage  is  mod- 
erate. No  faults,  slides,  or  terraces  were  observed. 

Stripping  Estimates 

The  following  table  is  a  summary  of  stripping  depths  meas\ired 
normal  to  the  gro\md  surface.  All  stripping  can  be  done  by  common 
excavation. 
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Right  Abutment 

Left  Abutment 

Channel 

Impervious  Section 

Varies  from  10  to  15 
feet  of  soil  and 
weathered  bedrock. 

Varies  from  15  to  20 
feet  of  soil  and 
weathered  bedrock. 

Averages  5  feet  of  gravel 
and  5  feet  of  weathered 
bedrock. 

Pervious  Section 

Averages  2  feet  of 
soil  and  root  zone. 

Averages  5  feet  of 
soil  and  root  zone. 

None 

Construction  Materials 

Impervious .   Older  alluvium, consisting  of  slightly  cemented  pea 
gravel,  sand,  and  clay,  occurs  along  the  south  edge  of  Round  Valley  and 
seems  to  be  of  sufficient  quantity  and  quality  for  the  impervious  borrow 
material  (area  1-6,  Plate  6).  This  would  involve  a  haul  distance  of 
approximately  2-l/2  miles. 

Pervious.   Sufficient  quantities  of  pervious  material  occur 
upstream  in  the  channel  of  Mill  Creek,  1  to  3  aii"  miles  from  the  damsite 
(see  Plate  6) . 

Riprap  and  Rockfill.  Suitable  riprap  material  and  material  of 
sufficient  quantity  and  quality  for  a  rockfill  dam  was  not  encountered 
diiring  the  reconnaissance  of  this  damsite. 

Aggregate .  The  same  source  as  for  the  pervious  material  is 
proposed  for  the  aggregate  material. 

Conclusions 

1.  Based  on  a  limited  geological  reconnaissance  the  site 
appears  suitable  for  an  earthfill  dam  ^00  feet  in  height. 

2.  Construction  materials  of  sufficient  quantity  and  quality 
are  apparently  available  locally  for  an  earthfill  dam. 

Recommendations 

Investigation  of  the  following  specific  items  is  recommended 
if  Mill  Creek  Dam  is  considered  further. 
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1.  Location  of  a  suitable  riprap  quarry  site. 

2.  Auger  drilling  for  impervious  materials. 

3.  Testing  of  the  terrace  material  and  the  stream  gravels 
as  to  their  suitability  for  borrow  materials. 

it-.   Detailed  geologic  mapping  of  the  site  with  attention  to 
the  possible  presence  of  major  faults. 

5.  Diamond  drilling  along  dam  axis  and  spillway  centerline. 
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Mill  Creek  Tunnel 

The  Mill  Creek  Tunnel  is  located  between  Mill  Creek  and  the 
Middle  Fork  Eel  River.   It  lies  in  Sections  22,  27,  33,  T22N,  Ria^^, 
and  Section  k,   T21W,  KL2W,  MDB  &  M,  in  Mendocino  Coxonty.  The  entire 
tunnel  alignment  is  covered  by  the  USGS  15  minute  Eden  Valley  quad- 
rangle, with  a  scale  of  1:62,500  and  a  contour  interval  of  100  feet. 

Access  to  the  tunnel  alignment  is  by  private  dirt  road  from 
Round  Valley,  near  the  inlet  portal.  This  road  crosses  the  alignment 
along  the  ridge  of  the  moimtain. 

Description  of  Project 

When  the  Mill  Creek  Dam  is  constructed  it  will  block  the 
natural  drainage  of  Round  Valley.  A  drainage  tunnel  will  be  needed 
to  carry  the  flow  of  Mill  Creek  to  the  Middle  Fork  Eel  River  to  a 
point  below  either  Dos  Rios  or  Jarbow  Darasites. 

The  approximate  inlet  and  outlet  elevations  used  during  this 
reconnaissance  were  1,300  and  1,100  feet,  respectively.  The  length  of 
the  alignment  is  approximately  2.9  miles,  trending  S27  W  from  inlet  to 
outlet.  The  maximum  depth  of  cover  will  be  900  feet.  (NOTE:  This 
alignment  was  originally  studied  in  connection  with  the  Jarbow  Dam  and 
Reservoir.  An  alignment  located  farther  west  will  be  required  for  the 
Dos  Rios  project.) 

Tunneling  Conditions 

The  entire  Mill  Creek  drainage  tunnel  lies  in  rocks  of  the 
Franciscan  group.  The  two  major  rock  units  are  sandstone  and  shale.  The 
rocks  occurring  in  minor  quantities  are  chert,  conglomerate,  and  actino- 
lite  schist.  No  serpentine  or  related  ultrabasic  rock  was  observed  along 
the  proposed  tunnel  route. 

Tlae  prevailing  attitude  of  the  beds  is  east-west;  the  strike 
varies  from  n60  E  to  N75  W,  with  steep  dips  both  to  the  north  ajid  south. 

Rock  Types 

Sandstone  (60  percent).  The  sandstone  is  gray,  fine-  to  medium- 
grained,  and  moderately  hard,  and  generally  found  as  massive,  jointed 
outcrops.  The  sandstone  also  occurs  as  thin  interbeds  in  the  shale  unit. 
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The  tunneling  conditions  in  this  unit  can  be  summarized  as  moderately 
blocky  and  seamy. 

Shale  (^0  percent).  The  shale  is  gray  to  black,  moderately 
soft  to  moderately  hard,  and  aphaa'^tic  to  fine-grained,  contains  numerous 
small  shear  zones,  and  is  moderately  jointed.  The  shale,  being  the  less 
resistant  rock,  does  not  crop  out  as  frequently  as  the  sandstone  unit. 
The  tunneling  conditions  of  the  shale  are  90  percent  very  blocky  and 
seamy  and  10  percent  crushed. 

Portal  Locations 

The  inlet  portal  would  be  located  in  Section  22,  T221i,  R12W, 
MDB  &  M,  1,000  feet  south  of  Mill  Creek,  up  a  small  canyon  where  a 
50-foot  "face"  could  be  located.  This  would  require  the  excavation  of 
an  approach  channel  to  the  portal. 

The  outlet  portal  would  be  located  in  W  1/^4-  of  Section  h, 
T21N,  R12W,  MDB  Sc   M,  to  the  east  of  Round  Mountain  in  a  landslide  area. 
This  landslide  is  approximately  kO   feet  thick. 

Water  and  Gas 

Water  inflow  into  the  proposed  Mill  Creek  drainage  tunnel 
should  be  slight  to  moderate.  The  highest  inflows  should  be  in  the 
crushed  shale  beds. 

No  evidence  of  thermal  crater  or  gas  was  found  in  the  area 
studied. 

Conclusions 

1.  The  tunneling  conditions  along  the  alignment  should  be 
60  percent  moderately  blocky  and  seamy,  36  percent  very  blocky  and 
seamy,  and  k   percent  crushed. 

2.  The  proposed  tiinnel  should  be  100  percent  supported  and 


lined. 


moderate. 


3.  The  water  inflow  into  the  tunnel  will  be  slight  to 
k.     No  evidence  of  gas  or  thermal  water  was  found. 
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Rec  ommendat  i  ons 

A  detailed  geologic  investigation  to  determine  the  geologic 
structure  and  tunneling  conditions  with  a  greater  degree  of  accuracy 
is  required.  Geologic  mapping  should  be  extended  to  the  vest  to  cover 
the  alignment  for  drainage  to  a  point  below  Dos  Rios  Dam. 
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Upper  Mina  Dams it e 

Upper  Mina  damsite  is  on  the  North  Fork  Eel  River  in  Trinity- 
County.  The  axis  of  the  site  is  approximately  600  feet  downstream  from 
the  confluence  of  the  North  Fork  Eel  River  and  Hulls  Creek^  and  lies  in 
Sections  21,  28,  and  3k,   T5S,  R8E,  HB  &  M.  The  USGS  15  minute  Kettenpom 
quadrangle,  at  a  scale  of  1:62,500  and  a  contour  interval  of  100  feet, 
shows  the  topography  of  the  area. 

The  damsite  is  accessible  by  a  well  maintained  dirt  road 
extending  northeast  from  Summit  Valley.  The  closest  point  of  approach 
of  this  road  to  the  site  is  at  the  confluence  of  Hulls  Creek  and  the 
North  Fork  Eel  River. 

Description  of  Project 

The  Upper  Mina  Reservoir  would  proAAide  for  diversion  of 
North  Fork  Eel  River  ^.-raters   to  the  Middle  Fork  Eel  via  HiJJLs  Creek  Tunnel. 
The  maximum  height  of  dam  considered  at  the  Upper  Mina  site  is  about 
l<-00  feet. 

Geology  of  the  Site 

The  damsite  is  underlain  by  sandstone,  shale,  ajid  greenstone, 
all  of  the  Franciscan  formation.  The  sandstone  and  shale  occur  in  dis- 
continuous beds  and  lenses,  and  the  greenstone  usually  occurs  in  pod- 
shaped  bodies.  The  general  strike  of  the  beds  is  about  N20  W  and  the 
beds  dip  steeply  to  the  east.  Landslides  are  present  at  the  site  -with 
most  of  them  occurring  on  the  right  abutment.  The  slides  are  believed  to 
be  relatively  shallo%7,  probably  about  30  feet  thick,  and  to  affect  only 
the  soil  and  colluvium  on  top  of  the  bedrock. 

Right  Abutment.  Outcrops  are  scarce  on  the  right  abutment, 
except  near  the  channel.  The  outcrops  that  are  present  on  the  abutment 
and  in  the  channel  indicate  that  the  abutment  is  underlain  by  sandstone 
and  some  shale.  The  sandstone  is  hard,  has  good  strength,  and  is  moder- 
ately jointed.  The  sliiale  is  soft  and  moderately  to  intensely  fractured 
auid  jointed. 
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Part  of  the  right  abutment  contains  landslide  areas ^  which  are 
believed  to  be  shallow  but  which  would  have  to  be  removed  from  the 
impervious  and  rockfill  sections  of  the  daia.     Further  investigation  is 
needed  to  determine  the  suitability  of  this  material  for  impervious 
or  semi-pervious  fill. 

The  slope  of  the  abutment  is  moderately  even,  and  averages 
about  2-l/i^:l. 

Channel .  Bedrock  is  well  exposed  in  the  channel,  although 
it  is  partially  concealed  beneath  river  gravels  and  talus  blocks.  The 
bedrock  in  the  channel  is  mainly  sandstone,  with  moderate  amounts  of 
slaty  shale  and  greenstone.  The  rocks  are  fresh,  and  hard  except  for 
the  shale,  and  would  provide  a  suitable  foundation  for  a  rock-  or 
earthfill  dani. 

Along  the  axis,  the  channel  is  about  15O  feet  in  width.   It 
contains  sand  and  gravels  to  an  average  depth  of  about  5  feet.  The 
gravels  (25  percent  of  plus  8  inch  size)  are  considerably  deeper  in 
local  potholes.  Also  present  in  the  channel  are  large  blocks  of  green- 
stone and  sandstone  up  to  8  feet  in  diameter. 

Several  shears  were  noted  in  the  channel  downstream  from  the 
axis,  but  none  were  observed  at  the  site. 

Left  Abutment.  Outcrops  on  the  left  abutment  are  scarce  except 
for  the  portion  near  the  channel.  The  abutment  is  underlain  by  sandstone, 
some  shale,  and  probably  some  greenstone.   The  sandstone  is  hard,  and 
is  moderately  jointed.  The  shale  is  soft  and  highly  fractured,  and  in 
places  shows  shearing. 

Some  sliding  is  present  on  the  abutment,  but  it  is  minor  in 
extent  axid  is  probably  shallow.  All  the  slide  material  would  have  to 
be  removed  from  the  rockfill  and  impervious  sections,  but  part  of  it 
could  be  salvaged  for  use  as  impervious  or  semi-pervious  fill. 

The  slope  is  uneven  and  averages  about  2-1/^4- :1  up  to  elevation 
1,800  feet. 


-79- 


stripping  Estimates 

The  following  stripping  estimates  are  given  for  a  rockfill  dam 
i^-OO  feet  in  height. 


Right  Abutment 


Left  Abutment 


Channel 


Impervious 

Varies  from  10  to  35 
feet.  Averages  about 
25  feet.  Remove  all 
soil,  colluvi\jm,  and 
slide  material  and  a 
few  feet  of  weathered 
bedrock. 


Varies  from  5  to  25 
feet.  Averages  about 
15  feet.  Remove  all 
soil,  colluviuta,  and 
minor  slide  material 
and  a  few  feet  of 
weathered  bedrock. 


Averages  5  feet  of  sand 
and  gravel.  Also  remove 
large  blocks  of  talus  up 
to  8  feet  in  diameter. 
Only  minor  shaping  of 
bedrock. 


Rockfill 

Averages  20  to  25  feet 
Remove  all  overlying 
material  to  bedrock. 


Averages  about  I5  feet 
Remove  all  overlying 
material  to  bedrock. 


Probably  remove  large 
talus  blocks. 


Essentially  all  of  the  stripping  coiJLd  be  accomplished  by  caramon 
excavation  methods. 

Spillway 

The  best  place  for  a  spillway  appears  to  be  through  a  narrow 
ridge  on  the  left  abutment.  The  top  of  the  ridge  is  at  an  elevation  of 
about  1,815  feet,  and  a  cut  approximately  I65  feet  deep  would  be  required 
for  the  spillway.  Most  of  this  cut  would  probably  be  in  sandstone,  some 
of  which  is  probably  suitable  for  use  as  rockfill. 

The  spillway  shoiold  be  lined  from  the  crest  down  to  at  least 
elevation  1,550  feet.  About  20  percent  of  the  conveyance  channel  woiold 
require  lining.  The  reent ranee  point  would  be  about  5OO  feet  from  the 
toe  of  the  dam.  The  slope  of  the  spillway  cut  should  be  about  3:1  in 
the  zone  above  the  fresh  bedrock  (approximately  the  top  35  feet);  then 
the  slopes  could  be  gradually  steepened  to  about  l-l/2:l  or  steeper. 

The  only  other  feasible  type  of  spillvray  at  this  site  would  be 
a  glory  hole.  An  around-the-end  type  is  probably  not  practical  due  to 
unstable  slopes. 


Construction  Materials 

Impervious .  The  landslide  material  in  the  vicinity  of  the  dam- 
site  is  the  only  available  source  of  Impervious  fill.  The  landslides 
commonly  occur  on  slopes  where  sheared  shales  predominate  and  contain 
varying  percentages  of  sheared  shale,  residual  soil,  and  sandstone  frag- 
ments. Because  of  its  gradational  characteristic,  selective  excavation 
is  anticipated.  The  landslide  material  may  be  suitable  for  use  as 
impervioiis  fill.  Exploration  and  testing  is  needed  to  evaluate  the  soil 
properties  of  the  landslide  material. 

Pervious.  There  appears  to  be  no  large  source  of  pervious 
material  vithin  a  reasonable  haiil  distance  of  the  site.  There  are  some 
small  deposits  of  stream  gravel  in  the  river  channel. 

Rockfill  and  Riprap.  Only  one  potential  area  for  rockfill  or 
riprap  was  located.   It  is  2.5  miles  upstream  from  the  site,  on  the  North 
Fork  Eel  River.  The  rock  is  a  hard,  moderately  jointed  greenstone.  No 
estimate  of  the  amount  of  rock  in  this  area  was  made,  but  the  amount  is 
probably  insufficient  to  supply  all  the  requirements  of  the  dam.   It 
is  believed  that  some  of  the  sandstone  removed  from  the  spillway  cut  can 
be  used  for  rockfi]J..  Sufficient  rock  of  suitable  quality  is  probably 
available  within  k-   miles  of  the  site. 

Aggregate.  The  greenstone  that  occurs  as  scattered  outcrops 
in  the  damsite  area  is  the  most  likely  source  of  concrete  aggregate.   It 
would  be  necessary  to  crush  and  process  the  greenstone. 

Stream  gravels  are  not  present  in  sufficient  quantities  to  be 
considered  for  a  source  of  aggregate. 

Conclusions 

1.  The  foundation  of  the  damsite  appears  suitable  for  an  earth- 
or  rockfill  dam  to  the  proposed  height  of  it-00  feet. 

2.  Construction  materials  for  the  dam  will  be  relatively 
costly  as  several  quarries  must  be  developed  for  rockfill,  the  landslide 
material  is  the  only  available  source  of  impervious  fill,  and  the  green- 
stone must  be  crushed  and  processed  for  aggregate. 
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3.  The  best  spill'^ray  appears  to  be  an  overpour  type   located 
on  the  left  abutment.  The  second  choice  would  be  a  glory  hole  type. 

^4-.  Landslides  will  be  common  in  the  reservoir  area. 

5.  Tunneling  conditions  for  diversion  and  outlet  will  be 
moderately  good.  The  tunnels  would  have  to  be  100  percent  supported. 

Rec  ommendat  ions 

Investigation  of  the  following  specific  items  will  be  necessary 
if  Mina  damsite  is  further  considered. 

1.  Location  of  suitable  rockfill  quarry  sites. 

2.  Auger  drilling  for  impervious  materials. 

3.  Testing  of  landslide  debris  for  use  as  impervious  mater- 
ial, with  special  emphasis  on  strength  characteristics. 

k.     Detailed  geologic  mapping  of  the  site  with  attention  to 
extent  of  landslides. 

5.  Dozer  trenches  to  expose  depth  of  landslides  on  abutments. 

6.  Diamond  drilling  along  dam  axis  and  spillway  centerline. 

7.  Investigation  of  faulting  at  the  damsite  and  slides  in  the 
reservoir  area. 
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Mina  Tunnel 

The  proposed  Mina  T\mnel  alignment  is  located  in  T25,  2k,   and 
23W,  R12W^  MDB  &  M,  Mendocino  County,  California.  The  entire  tunnel 
alignment  is  covered  by  the  USGS  15  minute  Covelo  quadrangle,  with  a 
scale  of  1:62,500  and  a  contour  interval  of  100  feet. 

Access  is  via  a  county-maintained  dirt  road  which  runs  to  the 
west  of  the  proposed  alignment,  and  a  number  of  private  ranch  roads  which 
branch  out  from  the  main  road.   In  the  winter  or  after  prolonged  rain  all 
roads  may  become  impassable  due  to  slides  and  washouts. 

Description  of  Project 

The  tunnel  alignment  connects  the  Upper  Mina  Reservoir  in  Hulls 
Creek  with  Spencer  Reservoir  in  Williams  Va3JLey.  The  approximate  inlet 
and  outlet  elevations  used  during  this  brief  reconnaissance  were  1,600 
and  1,525  feet,  respectively.  The  length  of  the  alignment  is  ^.2  miles, 
trending  SI8  E  from  inlet  to  outlet. 

The  maximum  depth  of  cover  which  would  be  encountered  under 
Buck  Mountain  is  approximately  2,600  feet. 

Tunneling  Conditions 

The  entire  Mna  Tunnel  alignment  lies  in  rock  ixnits  of  the 
Franciscan  group.  The  group  consists  of  a  rather  disordered  assemblage 
of  sedimentary  and  igneous  rocks.   Individual  rock  units  tend  to  be  dis- 
continuous pod-shaped  bodies  of  limited  areal  extent.  The  prevailing 
attitudes  of  the  beds  varied  from  N-S  to  W60  W,  generally  dipping  to  the 
east. 

Geologic  mapping  was  complicated  by  deep  weathering  and  exten- 
sive landslides.  Reliable  rock  exposures  could  be  found  only  in  the 
bottoms  of  canyons. 

Rock  Types 

Three  major  rock  units  were  differentiated  in  the  course  of 
reconnaissance  mapping.  Listed  in  the  order  of  relative  abundance  they 
are  sandstone  (65  percent),  shale  (20  percent),  and  greenstone  (I5  percent), 
Chert  ajid  conglomerate  are  present  but  constitute  less  than  2  percent  of 
the  total  rock.  No  serpentine  or  related  ultrabasic  rock  was  observed. 
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Sandstone.  The  sandstone  is  a  fine-grained,  dense  rock,  green 
to  gray  on  a  fresh  surface.  Bedding  is  usual  1  y  difficult  to  recognize. 
In  the  area  studied  sandstone  contained  numerous  thin  shale  interoeds  and 
was  moderately  fractured  or  jointed.  Tunneling  conditions  in  this  unit 
C£in  be  summarized  as  moderately  blocky  and  seamy. 

Shale.  This  unit  includes  shale,  slaty  shale,  and  siltstone. 
Due  to  their  relative  incompetency  and  deep  weathering,  the  shale  does 
not  crop  out  as  frequently  as  the  more  resistant  sandstone  and  green- 
stone. The  shale  has  a  characteristic  black  color.  This  rock  unit 
generally  exhibits  the  most  intense  fracturing  ajid  shearing.   Deforma- 
tion is  most  pronounced  in  interbeds  or  lenses  of  shale  confined  between 
more  resistant  rock.   Several  shear  zones,  kO   to  50  feet  wide,  with 
clayey  gouge,  were  observed  in  shale  near  the  tuimel  line.  The  extent 
of  these  shears  could  not  be  determined  due  to  poor  exposures,  but  they 
are  expected  to  be  confined  to  the  soft,  incompetent  shale  lenses. 
Tunneling  conditions  in  shale  can  be  summarized  as  very  blocky  and  seamy 
to  completely  crushed  locally. 

Greenstone.  The  greenstone  apparently  represents  partially 
altered  basic  extrusive.  The  rock  has  a  dark  green  color  when  fresh, 
weathering  to  a  reddish  brown.   It  is  the  most  resistant  rock  unit  found 
along  the  tunnel  alignment,  and  crops  out  in  prominent  cliffs  and  ridges. 

Tunneling  conditions  of  the  greenstone  will  be  massive  and 
moderately  jointed. 

Portal  Locations 

Inlet.  The  inlet  portal  vrauld  be  located  in  hard,  moderately 
jointed  sandstone.  Very  little  excavation  would  be  necessari*-  to  estab- 
lish a  50-foot  "face". 

Outlet .  Two  alternate  outlet  portals  were  considered  during 
this  geologic  reconnaissance. 

1.  The  original  portal  is  located  below  Panther  Rock.  No 
outcrops  were  found  in  the  immediate  portal  area.  Float  rock  and  collu- 
vium  indicates  a  sandstone  bedrock.  Considerable  excavation  would  be 
required  in  order  to  establish  a  50-^00"^  ledge. 
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2.  An  alternate  alignment,  which  shortens  the  tunnel  length 
by  1.2  miles,  woxold  place  the  portal  just  southwest  of  Coyote  Rock  in 
the  channel  of  Tank  Creek,  Section  9,  T23N,  R12W,  MDB  &  M.  For  this 
alignment  a  cut  with  a  maxim\mi  depth  of  100  feet  and  a  length  of  1.2 
miles  is  required.  It  was  estimated  that  20  to  25  percent  of  the 
excavation  will  be  in  hardrock,  primarily  near  the  tunnel  portal.  The 
remainder  of  the  excavation  would  be  in  silty  gravel  and  stream  allu- 
vium. The  average  depth  of  the  excavation  was  estimated  to  be  kO   feet. 

Water  and  Gas 

Moderate  to  high  ground  water  inflow  is  expected  in  the  tunnel. 
The  area  receives  an  average  annual  rainfall  of  50  to  60  inches.  Maximum 
inflow  would  be  expected  in  sheared  rock,  where  water  can  percolate  down- 
ward through  interconnected  fractures. 

No  evidence  of  gas  or  hot  springs  was  found  in  the  area 
studied. 

Conclusions 

1.  The  tunneling  conditions  along  the  alignment  should  be 

65  percent  moderately  blocky  and  seamy,  I5  percent  massive  and  moderately 
jointed,  I5  percent  very  blocky  and  seamy,  and  5  percent  crushed. 

2.  The  proposed  tunnel  should  be  100  percent  supported  and 
lined. 

3.  Water  inflow  into  the  tunnel  is  expected  to  be  moderate. 
Locally  high  inflovfs  are  expected  in  sheared  and  fractiired  rock. 

h.     No  evidence  of  gas  or  thermal  water  was  found. 

Recommendations 

1.  A  detailed  investigation  to  determine  the  geologic  struc- 
ture and  tunneling  conditions  with  a  greater  degree  of  accuracy. 

2.  Further  study  to  determine  the  relative  desirability  of  the 
alternate  tunnel  alignment  and  channel  excavation  for  the  outlet  portal 
as  compared  to  the  original  tunnel  route. 
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CHAPTER  III.   GLEM  RESERVOIR  COMPLEX 

The  proposed  Glenn  Reservoir  Complex  is  located  on  the  western 
edge  of  the  Sacramento  Valley,  in  Glenn  and  Tehama  Counties,  as  shoim  on 
Plate  1.  The  area  was  investigated  to  determine  its  suitability  for  use 
as  a  large  storage  reservoir  for  water  diverted  from  the  North  Coastal 
area  into  the  Sacramento  Valley.  The  Complex  would  include  three  luiits: 
Paskenta  Reservoir  on  Thomes  Creek,  Wewville  Reservoir  on  North  Fork 
Stony  Creek,  and  Rancheria  Reservoir  on  Stony  Creek.  The  topography  is 
such  that  the  units  could  be  constructed  simultaneously,  or  individually 
as  they  are  needed  and  later  combined  into  one  large  reservoir  with  a 
storage  capacity  of  about  9  million  acre-feet.  The  reservoir  woxAld  be 
about  30  miles  long  in  a  north-south  direction,  and  about  3  miles  wide. 

The  major  structures  required  for  the  development  of  the  Complex 
are:  Paskenta  Dam  on  Thomes  Creek,  Newville  Dam  on  North  Fork  Stony 
Creek,  and  either  Rancheria  or  Mlllsite  (Jiilian  Rocks)  Dam  on  Stony 
Creek,  Also,  Chrome  Dike  woiild  be  required  if  Newville  and  Rancheria 
Reservoirs  were  not  developed  simultaneously  and  if  the  water  surface 
elevation  in  either  reservoir  exceeded  about  930  feet.  Geologic  investi- 
gations were  made  for  each  of  these  structures,  and  a  construction 
materials  survey  was  made  for  all  of  the  structures  associated  with  the 
Complex.   In  addition,  a  geologic  study  was  conducted  to  evaluate  the 
structural  stability  and  leakage  potential  of  a  thin  hogback  ridge 
(Rocky  Ridge)  which  would  form  about  8  miles  of  the  east  rim  of  Newville 
Reservoir.  Results  of  geologic  investigations  for  each  of  the  afore- 
mentioned features  are  discussed  in  this  Chapter.  Plates  9  to  17  illus- 
trate the  geologic  conditions  for  project  features  described. 
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Paskenta  Damsite 

Paskenta  damsite  is  located  on  Thones  Creek  in  T23N,  r6w, 
Section  6,   lylDB  8e  M,  Tehama  County.  The  axis  is  located  approximately 
2  miles  upstream  from  the  town  of  Paskenta  on  the  west  side  of  the 
Sacramento  Valley.  Access  is  by  paved  road  from  Coming  to  Paskenta 
and  then  by  dirt  and  gravel  roads  to  a  topographic  saddle  located 
four-tenths  mile  southwest  of  the  site. 

Purpose  and  Scope 

Investigations  conducted  at  and  near  Paskenta  damsite  were  to 
evaluate  foundation  conditions  and  locate  and  sample  construction  mater- 
ials. Geologic  studies  were  made  including  mapping  the  various  founda- 
tion materials  at  the  site  and  borrow  areas  within  and  adjacent  to  the 
reservoir  area.  Exploration  and  sampling  of  borrow  materials  was  con- 
ducted during  several  months  in  I96O.  No  foundation  exploration  at  the 
site  was  undertaken  by  the  Department  of  Water  Resources.  However,  the 
U.  S.  Bureau  of  Reclamation  in  19^6  drilled  a  number  of  diamond  drill 
holes  along  the  axis.  This  data  has  been  used  extensively  in  making 
interpretations  on  subsurface  conditions. 

Description  of  Project 

A  zoned  earthfill  dam  with  maximum  height  of  23O  feet  has  been 
proposed  for  Paskenta  damsite.  Lower  heights  have  also  been  considered 
at  185  feet  and  135  feet.  Reservoir  capacity  for  a  dam  185  feet  in 
height  (elevation  975)  would  be  70>000  acre-feet.  Outlet  works  woiild 
be  formed  by  construction  of  a  cut  ajid  cover  conduit  along  the  base  of 
the  right  abutment.  A  spilliiraiy  for  a  dam  of  any  height  would  be 
constructed  on  the  left  abutment. 

Previous  Investigations  and  Reports 

The  earliest  known  investigation  of  this  site  was  by  the  U.  S. 
Bureau  of  Reclamation  in  19^4-6.  Their  work  consisted  of  drilling  and 
water  testing  eight  exploration  holes,  mapping  of  the  site,  and  a  recon- 
naissance of  possible  borrow  areas. 
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In  1959  the  Department  of  Water  Resources  drilled  a  deep  dia- 
mond drill  hole  in  the  saddle  southwest  of  the  site  to  explore  for  rock- 
fill  and  riprap  materials.   In  I96O  the  Department  conducted  an  extensive 
drilling  and  sampling  program  to  obtain  information  on  construction 
materials  within  and  near  the  reservoir.  A  preliminary  office  report 
was  written  on  this  project.  Since  that  time  no  further  work  has  been 
accomplished. 

General  Geology 

The  geologic  formations  at  and  adjacent  to  Paskenta  damsite 
include  sedimentary  rocks  of  lower  Cretaceous,  Tertiary,  and  Quaternaiy 
ages.  The  lower  Cretaceous  rocks  consisting  of  sandstone,  mudstone, 
and  conglomerate  are  the  principal  rock  units  at  the  site  and  in  the 
reservoir  area.  East  of  the  site  these  rocks  are  overlain  by  semi- 
consolidated  sediments  of  the  Tehama,  formation.  Quaternary  deposits 
are  represented  by  stream  gravels  and  terrace  deposits  largely  located 
in  the  reservoir  area. 

The  lower  Cretaceous  rocks  consist  of  an  alternating  series  of 
conglomerates,  sandstones,  mudstone,  and  pebbly  mudstone  in  nearly  verti- 
cal beds  striking  at  right  angles  to  the  axis  of  the  dam  or  nearly 
parallel  to  Thomes  Creek.  The  more  resistant  units,  mainly  the  conglo- 
merates ,  form  the  high  northeast -trending  ridges  north  and  south  of  the 
site.  The  most  prominent  ridge,  Williams  Butte,  is  formed  by  a  thick 
conglomerate  bed  or  beds  located  south  of  the  site.  These  conglamerate 
beds  in  Williams  Butte  are  proposed  as  a  soiirce  of  rockfill  materials. 

The  Tehama  formation  of  upper  Pliocene  age  overlies  Cretaceous 
rocks  several  miles  east  of  the  site.  These  sediments  have  no  importance 
in  the  investigation  of  this  site  except  as  an  alternate  sovirce  of  imper- 
vious construction  materials.  The  Tehama  formation  consists  of  various 
mixtures  of  clay,  gravel,  silt,  and  sand. 

Within  the  reservoir  area  are  gravelly  terrace  deposits  gener- 
ally overlain  by  finer  grained  slopeir/ash  materials.  The  deposits  are 
generally  thin  and  are  underlain  by  Cretaceous  age  shale  bedrock.  A 
major  portion  of  the  construction  materials  would  be  supplied  from  these 
deposits. 
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Geology  of  the  Site 

Paskenta  damsite  has  been  formed  where  Thomas  Creek  has  cut 
downward  along  the  relatively  less  resistant  beds  sandwiched  between 
two  resistant  conglomerate  and  sandstone  beds.  The  foundation  rock 
occvirs  in  stratified  beds  which  have  nearly  vertical  or  very  high  angle 
dips  of  70°  to  80  .  The  areal  distribution  of  the  various  rock  types 
is  shown  on  Plate  9- 

The  greater  portion  of  the  site  is  a  massive  or  thickly  bedded, 
fine  to  medium-grained  sandstone.  Thickness  of  this  principal  unit  is 
over  1,100  feet  from  just  above  the  left  abutment  to  south  of  the  channel. 
This  unit  includes  a  few  mudstone  and  conglomerate  interbeds.  The 
remainder  of  the  site  woiild  be  underlain  by  a  thick  mudstone  unit  extend- 
ing from  the  sandstone  unit   at  the  base  of  the  right  abutment  to  above 
the  right  abutment.  This  rock  is  firm  and  moderately  hard  on  a  freshly 
exposed  surface,  but  air  slacks  rapidly  when  exposed. 

Several  minor  faults  and  shears  occur  within  the  foundation 
area.  GSie  largest  fault,  a  high-angle  strike-slip  fault,  occurs  in  the 
channel  section  but  is  largely  obscured  by  stream  gravels.  Actual  dis- 
placement along  the  favilt  is  not  known  since  movement  has  been  nearly 
parallel  with  bedding,  and  no  offsetting  of  beds  has  occurred.  This 
fault  does  not  seem  to  be  a  serious  defect  of  the  foundation. 

Exploration 

No  foundation  exploration  h^s  been  conducted  by  the  Department 
of  Water  Resources.  The  U.  S.  Bureau  of  Reclamation  in  19^6  drilled 
eight  exploration  holes  having  a  total  footage  of  6l2  feet.  Three  holes 
were  drilled  on  the  right  abutment  and  three  holes  on  the  left  abutment. 
Another  hole  was  drilled  outside  the  foundation  area  near  the  downstream 
toe  and  another  in  the  saddle  north  of  the  site  where  the  Bureau  of 
Reclamation  proposed  a  spillway. 

Foundation  Conditions 

Right  Abutment.  The  right  abutment  has  a  fairly  uniform  slope 
of  about  60  to  70  percent.  Very  little  bedrock  is  exposed  due  to  a 
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moderately  heavy  cover  of  soil.  The  principal  rock  type  on  this  abutment 
is  a  mudstone.   Sandstone  occurs  only  on  the  lower  downstream  section. 

The  three  diamond  drill  holes  on  this  abutment  were  all  drilled 
in  the  mudstone  \init  at  the  location  shown  on  Plate  9.  DH-3  was  drilled 
at  an  angle  of  k^     to  a  depth  of  100.2  feet.  The  log  of  the  hole 
showed  soil  and  weathered  rock  to  a  depth  of  ik.k   feet  and  fresh  mud- 
stone below.  At  a  depth  of  90  to  95  feet  a  faxilt  zone  is  indicated. 
DH-8,  a  vertical  hole  to  35  feet,  encountered  soil  and  strongly  weath- 
ered mudstone  to  a  depth  of  11  feet  and  fresh  and  partially  weathered 
mudstone  and  sandstone  to  35  feet.  The  log  of  DH-9,  an  angle  hole 
drilled  to  101  feet,  recorded  an  overbiirden  of  soil  and  weathered  sand- 
stone to  a  depth  of  12  feet.  V/ater  tests  data  showed  %7ater  losses  to 
range  from  0  to  20  gpn  at  pressures  from  0  to  I60  psi. 

Stripping  will  consist  of  about  10  to  12  feet  of  soil  and 
strongly  weathered  rock  beneath  the  impervious  section.  This  will  ex- 
pose slightly  weathered  but  sound  rock  suitable  for  placing  fill.  An 
additional  10  feet  in  firm  rock  would  suffice  for  a  core  trench.  In 
mudstone  the  rock  can  be  ripped  but  light  blasting  may  be  necessary  in 
sandstone  for  core  trench  excavation. 

Channel  Section »  The  channel  section  is  about  I50  feet  wide. 
It  is  filled  in  the  central  portion  with  an  estimated  5  feet  of  sand  and 
gravel  but  bedrock  is  well  exposed  on  both  sides  of  'Ihomes  Creek.  Bed- 
rock is  largely  sandstone  with  minor  interbeds  of  sliale  and  mudstone.  A 
possible  fault  occurs  along  the  length  of  the  channel  but  sands  and 
gravels  obscure  most  of  the  fault  zone.  No  holes  were  di'illed  in  the 
channel  section  to  determine  the  physical  nature  of  the  rock.  Judging 
from  siirface  exposures,  the  rock  has  not  been  greatly  disrupted  by 
faulting.   Several  minor  shears  and  crumpling  of  incompetent  shale  and 
fracturing  of  sandstone  has  occurred.   Special  cleaning  out  of  highly 
sheared  rock  along  the  fault  and  additional  grouting  may  be  necessary. 

Stripping  in  the  channel  section  beneath  the  entire  fill  will 
consist  of  removal,  of  about  5  feet  of  sand  and  gravel  in  the  active 
channel  section  and  shaping  of  bedrock.  A  core  trench,  if  vised,  would  be 
excavated  in  hard  but  fractured  sandstone  requiring  light  blasting. 
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Left  Abutment.  The  left  abutment  has  a  uniform  configuration 
cut  by  a  few  minor  ravines  and  covered  by  a  light  growth  of  scrub  oak. 
At  the  base  of  the  abutment  a  low  bluff,  about  25  feet  high,  occurs. 
The  bench  above  this  bluff  is  mantled  by  old  terrace  gravels  and  slopes 
upward  about  10  percent.  The  remainder  of  the  abutment  is  concave  in 
shape  with  slopes  gradually  increasing  to  a  maximum  of  k-^   percent  high 
on  the  abutment. 

Rock  on  this  abutment  is  massive  to  thickly  bedded,  hard  sand- 
stone with  minor  interbeds  of  mudstone  and  conglomerate.  The  rock  is 
overlain  at  several  levels  by  h   to  12  feet  of  old  terrace  gravels. 

Diamond  drill  holes,  DH-5  and  6A,  were  drilled  along  the  axis 
at  the  lower  and  upper  portions  respectively.   DH-5,  a  vertical  hole  to 
a  depth  of  60  feet,  encountered  soil  and  weathered  conglomerate  to  a 
depth  of  12.3  feet  and  fresh  hard  conglomerate  below.  DH-6A  v/as  an 
angle  hole  drilled  to  a  depth  of  75  feet.  The  upper  8  to  10  feet  were 
recorded  as  soil  and  partially  weathered  mudstone.  Fresh  mudstone  and 
sandstone  in  alternating  layers  were  cored  to  75  feet. 

DE-k   and  DH-6  were  drilled  near  the  upstream  and  doimstream 
toes,  respectively.   DH-i4-,  a  vertical  hole,  was  similar  to  other  holes 
in  depth  of  weathered  rock.  About  12  feet  of  weathered,  pebbly  mudstone 
and  soil  overlies  fresh  conglomerate  and  fractured  clay  stone.   DH-6,  a 
vertical  hole  located  outside  the  foundation  area,  recorded  the  thickest 
amount  of  overburden- -about  25  feet  of  slopewash  and  weathered  conglo- 
merate . 

Water  pressure  tests  indicate  that  generally  the  rock  is  fairly 
tight.  The  maximvun  loss  was  in  hole  oA,  25  gpm  at  a  pressure  of  l60  psi. 
It  is  anticipated  that  only  a  small  to  moderate  amount  of  grout  will  be 
accepted  at  depths  up  to  50  feet. 

Stripping  will  be  similar  to  the  right  abutment.  Removal  of 
about  10  to  12  feet  of  soil  and  weathered  rock  win  expose  suitable  rock 
for  placing  fill.  A  shallow  cutoff  of  5  to  10  feet,  if  reqixired,  would 
be  in  sandstone  (requiring  light  blasting)  and  some  mudstone. 
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Spillvay,  The  proposed  spillway  location  is  on  the  left  abut- 
ment. At  the  proposed  crest  elevation  of  930  feet,  spillway  cuts  would 
probably  be  mainly  in  sandstone  with  some  shale  standing  in  nearly 
vertical  beds.   Depth  to  relatively  fresh  and  soimd  rock  would  be  about 
15  feet  at  this  elevation.   DH-6A  was  drilled  along  the  axis  at  an 
elevation  of  1,009  feet  and  at  a  h^     angle  into  the  abutment.  The  log 
of  the  hole  records  soil  and  firm,  partially  weathered  mudstone  to 

19  feet  (measured  approximately  normal  to  the  surface)  and  fresh  mud- 
stone  and  sandstone  to  75  feet.  A  water  pressure  test  at  10  to  20  feet 
recorded  only  3  gpm  loss  at  I60  psi  indicating  that  the  rock  at  10  feet 
is  probably  sound  and  very  little  fractirred.   Cut  slopes  above  the  spill- 
way excavation  should  be  stable  at  3  '^:1  in  massive  sandstone  and  at  1:1 
in  more  shaley  zones.   Due  to  the  property  of  the  mudstone  to  air  slack, 
berms  should  be  provided. 

The  spillway  chute  excavation  will  be  largely  in  sandstone  and 
possibly  some  mudstone  interbeds.  Cut  slopes  should  be  at  1:1  in  the 
weathered  sandstone.  The  terminal  flip  bucket  structure  may  require  as 
much  as  25  feet  of  excavation  to  place  it  on  firm  rock.   DH-6  recorded 

20  feet  of  slopewash  and  5  feet  of  decomposed  conglomerate  at  the  terminal 
location.   Hard,  fresh  semdstone  and  conglomerate  was  found  at  a  depth 

of  25  feet  (nonnal  to  the  surface). 

Outlet  Works.  Outlet  works  would  consist  of  a  cut  and  cover 
conduit  located  at  the  base  of  the  right  abutment.  This  conduit  will 
serve  for  both  diversion  during  construction  and  for  installation  of 
permanent  outlet  works.  This  structure  will  be  founded  on  firm  rock  for 
its  entire  length.  The  intake  structure  wo\ild  be  founded  on  mudstone. 
This  structure  should  be  away  from  the  steep  mudstone  shale  cliffs 
which  may  not  be  entirely  stable.  The  outlet  structure  would  be  located 
in  firm,  hard  sandstone. 

Reservoir  Area 

Rock  types  in  the  reservoir  area  are  predominantly  mudstone  and 
some  sandstone  of  the  Knoxville  formation.  The  reservoir  will  not  be 
subject  to  leakage.   Slides  will  not  be  a  problem  since  these  rocks  are 
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not  deeply  weathered.   Silting  is  not  expected  to  be  a  problem  except  in 
the  upper  part  of  the  reservoir  where  Thomes  Creek  discharges  from  its 
canyon  and  enters  the  reservoir. 

Construction  Materials 

The  information  presented  in  this  report  is  the  result  of  a 
borrow  investigation  conducted  in  I96O  by  the  Dejartment  of  Water 
Resources.  The  investigation  included  the  drilling  of  62  auger  holes 
and  sampling  and  field  mapping  of  potential  sources  of  construction 
material.  The  auger  holes  were  drilled  in  materials  proposed  as 
impervious  and  semi-pervious  fill  ranging  from  silty  clays  to  gi'avelly 
clayey  silts.  Soil  tests,  consisting  of  mechanical  analyses,  specific 
gravity,  and  Atterberg  Limits,  were  conducted  on  30  samples. 

The  active  stream  channel  of  Thomes  Creek  is  the  proposed 
source  of  pervious  fill.  Additional  exploration  of  these  materials  is 
needed.   Rockfill  and  riprap  can  be  produced  from  the  Cretaceous  con- 
glomerate and  sandstone  which  makes  up  the  resistant  ridges  and  topo- 
graphic knobs  near  the  damsite. 

The  only  previous  borrow  exploration  in  this  area  is  contained 
in  a  19^6  report  by  the  U.  S.  Bureau  of  Reclamation  entitled  "Appendix, 
Geology  of  Dam  and  Reservoir  Sites  -  Sacramento  River  Tributary  Plan" . 
This  Bureau  of  Reclamation  report  contains  a  brief  description  of  borrow 
areas  and  includes  a  map  showing  their  locations.  No  sampling  or 
exploration  was  performed  as  part  of  their  studies.  Location  of  all 
borrow  areas  studied  is  shown  on  Plate  10. 

Impervious  and  Semi -Pervious  Borrow.  Two  types  of  materials 
occur  in  the  terraced  areas  along  Thomes  Creek.  These  are  referred  to 
in  this  report  as  types  I  and  II  materials. 

Type  I  material  occurs  as  slopewash  or  more  explicitly  as 
weathered  and  transported  mudstone,  sandstone,  and  conglomerate.  In  the 
area  studied  these  deposits  are  predominantly  derived  from  mudstone 
which  accounts  for  their  fine-grained  nature.  A  typical  cross-section 
in  the  areas  studied  is  wedge-shaped  with  the  thin  portion  of  the  wedge 
occurring  near  the  creek  or  drainage  system.  The  material  varies  from 


clayey  silt  to  silty  clay  and  is  occasionally  gravelly  due  to  weathered 
conglomerate  contributing  to  the  slopewash. 

Type  II  material  occurs  as  terrace  deposits  adjacent  to  the 
channel  of  Thomes  Creek  and  generally  beneath  the  fine-grained  Type  I 
materials.  These  deposits  are  both  old  stream  channels  and  floodplain 
deposits.  Tl:iey  contain  primarily  semi-pervious  and  impervi.ous  material; 
however,  in  some  areas  stream  action  may  have  washed  these  materials 
sufficiently  to  produce  perviotis  material.  For  purposes  of  this  report^ 
the  type  II  materials  are  considered  as  semi -pervious.  Sampling  of 
these  materials  in  auger  holes  was  not  possible  because  of  the  high 
percentage  of  cobbles. 

These  deposits  consist  primarily  of  poorly  graded  silty  gravels 
ajid  gravelly  to  sandy  clays  with  minor  clayey  gravels.  A  critical 
feature  of  the  major  portion  of  the  silty  gravel  deposits  is  their  "sld.p- 
graded"  nature.  That  is,  they  contain  a  high  percentage  (20  to  kO 
percent)  of  cobbles  and  boulders  which  must  be  removed  prior  to  their 
use  as  fill.   If  this  type  is  processed  the  larger  sizes  can  be  used 
as  rockfill  material. 

The  Tehama  formation  located  east  of  Paskenta  damsite  is 
typicalj.y  a  clayey,  ssmdy  gravel  deposited  as  floodplain  and  stream 
chajfinel  material.  Fine-grained  members,  consisting  of  both  silts  and 
clays,  are  present  as  lenticular  bodies.  The  closest  Tehama  g ravels 
are  located  about  2  miles  from  the  site  at  about  elevation  1,250. 
Unlimited  quantities  of  impervious  construction  materials  could  be 
obtained  from  this  alternate  source  if  needed. 

Pervious  Borrow.  The  proposed  borrow  areas  for  this  type  of 
material  are  located  in  the  channel  both  up-  and  do^-mstream  from  the 
site.  Due  to  their  greater  individual  size  and  uniformity  the  down- 
stream deposits  are  probably  the  most  suitable  for  use  as  pervioiis 
borrow.  The  only  sample  tested  from  these  areas  was  from  AH-10.  Al- 
throiJigh  this  sample  was  a  sandy  gravel,  these  downstream  deposits  prob- 
ably range  from  silty  sands  to  sandy  gravel.  As  in  the  case  of  the 
terrace  deposits,  the  channel  gravels  contain  oversize  cobbles  and 
boulders  which  must  be  removed  prior  to  use  as  pervious  fill  material. 
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Rockflll  and  Riprap  Sources.  Preliminary  tests  including 
several  quarry  test  shots  conducted  during  1959  indicate  that  the 
Cretaceous  conglomerate  and  sandstone  found  in  the  area  will  make 
suitable  rockfill  or  riprap  material.  The  test  blasting  performed  on 
the  west  end  of  Williams  Butte  encountered  only  a  small  amoiont  of  fresh 
and  unweathered  rock.  However,  the  condition  of  this  rock  and  the  core 
from  a  diamond  drill  hole  indicate  the  material  to  be  extremely  strong, 
and  below  a  depth  of  20  to  30  feet  to  be  sufficiently  free  of  closely 
spaced  joints  ajid  fractures  to  yield  the  sizes  desired  for  rockfill  or 
riprap.  The  20  to  30  foot  zone  mentioned  above  consists  primarily  of 
weathered  conglomerate.  The  material  from  this  weathered  zone  contains 
approximately  30  percent  fines  due  to  normal  weathering  processes.  The 
remainder,  although  weathered,  appears  to  be  suitable  for  rockfill 
material  also. 

Conclusions  and  Recommendations 

1.  The  foundation  is  suitable  for  an  earthfiU  dam  of  the 
height  proposed. 

2.  The  foundation  rocks  are  essentially  impervious,  but  since 
the  bedding  parallels  the  stream  chemnel,  an  adequate  grout  curtain 
should  be  provided  to  intercept  seepage  along  bedding  planes . 

3-  Further  exploration  by  diamond  drilling  is  required  espec- 
ially in  the  channel  section  to  determine  rock  conditions  beneath  the 
channel  gravels. 

k.     The  strength  and  bearing  capacity  of  the  mudstones  shoxiLd 
be  determined  by  laboratory  tests. 

5.  Construction  materials  in  the  reservoir  should  be  further 
tested  for  strength  and  permeability.  Further  exploration  of  quarry 
areas  is  required  and  should  include  a  test  quarry  operation. 
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Nevrville  Damsite 

Newille  damsite  is  located  on  North  Fork  Stony  Creek,  20  miles 
vest  of  Orland  in  T22W,  R6w,  Section  3,  MDB  8e  M.  Access  to  the  site  is 
provided  by  a  paved  coimty  road  which  crosses  the  axis.   The  USGS 
Paskenta  quadrangle  with  a  scale  of  1:62,500  and  a  contour  interval  of 
50  feet,  and  a  Department  of  Water  Resources  map  with  a  scale  of 
1:1+800  and  contour  interval  of  20  feet,  provide  topographic  coverage  of 
the  site. 

A  dam  would  be  required  at  the  site  for  the  development  of 
Newville  Reservoir,  a  part  of  the  Glenn  Reservoir  Complex.   If  construc- 
ted to  an  elevation  of  l,0li<-  feet,  the  maximum  elevation  feasible 
because  of  topography,  the  dam  would  be  about  i+00  feet  high  and  5,000 
feet  long  at  the  crest. 

Purpose  and  Scope 

The  purpose  of  the  investigation  was  to  evaluate,  for  planning 
purposes,  the  geologic  conditions  in  the  area  as  related  to  their  effect 
on  the  construction  of  a  dam.  The  investigation  consisted  principally 
of  geologic  mapping  of  the  foundation.  No  foundation  drilling  has  been 
performed  at  the  site. 

Previous  Investigations 

Previous  investigations  at  the  site  include  only  geologic 
reconnaissance  examinations.  Rocky  Ridge,  which  forms  the  abutments 
at  the  site,  was  investigated  in  I96I  to  evaluate  its  stability  and 
leakage  potential.  The  resxilts  of  that  investigation,  which  included 
diamond  drilling  emd  water  testing,  are  reported  on  in  this  chapter. 

Geology  of  the  Site 

The  topography  near  the  damsite  consists  of  relatively  flat 
valleys  separated  by  narrow  resistant  ridges  which  extend  nearly  north- 
south  along  the  strike  of  the  rock  units.  The  dam  would  be  located  in  a 
gap  in  one  of  these  ridges  (Rocky  Ridge)  where  North  Fork  Stony  Creek 
has  eroded  through  the  ridge  on  its  way  eastward  to  its  junction  with 
Stony  Creek  and  the  Sacramento  River.  Rocky  Ridge  is  rather  low,  with 
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relatively  steep  sides,  and  the  dam  would  encompass  portions  of  the  ridge 
which  forms  the  abutments.  Plate  11  shows  the  approximate  outline  of  the 
fill,  geology,  and  the  topography  of  the  site. 

The  rocks  which  meike  the  foundation  at  the  site  are  aU.  sedi- 
mentary and  belong  to  two  different  geologic  units,  the  Knoxville  forma- 
tion and  the  Paskenta  formation,  of  Jurassic  and  Cretaceous  age.  The  con- 
tact between  the  two  formations  is  considered  to  be  near  the  bottom  of 
the  ridge  on  the  western  side.  Similar  rock  types  in  the  two  formations 
have  essentially  the  same  physical  properties. 

The  fo\indation  rock  consists  of  interbedded  mudstone,  sandstone, 
and  conglomerate.  The  beds  strike  nearly  north-south,  or  parallel  to  the 
dam  axis,  and  dip  about  60  east,  or  downstream.  In  general,  the  central 
portion  of  the  ridge  which  forms  the  abutments  consists  of  resistant  beds 
of  sandstone  and  conglomerate  and  the  flanks  consist  of  softer  mudstone. 

The  bedrock  is  moderately  well  exposed  at  the  site.  Portions 
of  the  foundation  are  obscured  by  colluvixnn,  terrace  material,  and  stream 
channel  deposits.  The  right  abutment  and  part  of  the  left  abutment  con- 
tain a  rather  thick  soil  cover,  and  the  upstream  ixDrtion  of  the  channel 
contains  gravel  and  terrace  deposits  which  cover  the  bedrock.  However,  the 
rock  \mits  are  quite  consistent  in  attitude,  and  a  sufficiently  accurate 
geologic  map  can  be  prepared  by  projecting  contacts  from  locations  where 
the  bedrock  is  exposed. 

The  mudstone  is  dark  gray,  moderately  soft,  and  forms  good  out- 
crops only  in  the  stream  channel,  or  in  the  bottran  of  giillies.  The  mud- 
stone consists  of  a  mixtxire  of  clay,  silt,  and  a  small  amount  of  fine 
sand.  Upon  expos\ire  to  air,  the  clay  in  the  mudstone  dehydrates  and 
shrinks,  and  the  rock  slakes  to  small  angular  fragments.  This  slaking 
extends  to  a  depth  of  about  1  foot  in  fresh  rock.  Where  the  mudstone 
contains  considerable  sand-sized  particles,  the  slaking  tendency  is 
greatly  reduced. 

The  mudstone  ixnits  outlined  on  Plate  11  contain  many  thin  inter- 
beds  of  fine-grained  sandstone,  which  probably  make  up  about  10  percent 
of  the  total  thickness  of  the  units.  These  sandstone  beds,  which  are 
us\ially  separated  by  several  feet  of  mudstone,  average  about  6  inches  in 
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thickness,  but  occasionally  are  over  12  inches  thick.  The  bedding  in  the 
mudstone  is  obsciired  by  the  slaked  fragments,  but  the  thickness  of  the 
individual  mudstone  beds  ranges  from  several  inches  to  a  fraction  of  an 
inch. 

The  seindstone  is  gray,  moderately  hard,  and  usually  well  cemented. 
It  is  comraonly  fine-grained,  but  occasional  beds  are  coarse-grained.  The 
sandstone  in  the  central  portion  of  the  ridge  is  usually  massively  bedded, 
with  occasional  beds  as  thick  as  20  feet,  but  near  the  flanks  of  the 
ridge  the  beds  average  less  than  1  foot  in  thickness.  Near  the  center  of 
the  ridge,  the  sandstone  often  grades  into  conglomerate  both  parallel  and 
perpendicular  to  the  strike  of  the  beds. 

The  conglomerate  is  predominantly  gray  with  varicolored  we3_l 
rounded  chert  and  raetavolcanic  pebbles  which  range  in  size  from  a  fraction 
of  an  inch  to  over  12  inches.  The  conglomerate  has  a  matrix  of  sand  and 
argillaceous  material,  and  is  usually  well  cemented,  but  occasional  beds 
are  poorly  cemented  ajid  easily  eroded.  The  conglomejrate  occurs  in  massive 
beds,  many  of  them  well  over  20  feet  thick,  which  tend  to  be  rather  lenti- 
cular. The  conglomerate  is  the  most  resistajat  rock  type  at  the  site  and 
forms  bold  massive  outcrops  in  places,  but  many  of  the  outcrops  are  sub- 
dued emd  much  of  the  conglomerate  is  covered  with  soil  and  slopewash. 

Terrace  deposits  occur  at  several  places  in  the  foundation  area, 
princii)ally  in  the  upstream  portion  near  the  channel.  The  streams  have 
cut  down  through  the  deposits,  leaving  them  exposed  in  steep  banks  adja- 
cent to  the  channel.  The  deposits  consist  principally  of  silt  and  some 
silty  gravel,  and  average  about  15  feet  in  thickness. 

Thin  deposits  of  sand  and  gravel  occur  in  portions  of  the  stream 
channels.  In  places,  the  gravels  are  absent  and  the  stream  flows  on  bed- 
rock. The  average  thickness  of  the  stream  channel  deposits,  outlined  on 
Plate  11,  is  less  than  5  feet. 

Several  faults  are  present  in  the  foimdation  area  of  the  site. 
They  all  appear  to  be  nearly  vertical.  The  major  faiilt,  which  trends 
about  N^tOE,  crosses  the  channel  near  the  axis,  and  has  offset  the  left 
abutment  about  TOO  feet  to  the  east  in  relation  to  the  right  abutment. 
A  portion  of  this  fault,  or  a  shear  zone  related  to  it,  can  be  observed 
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in  the  channel  just  dovmstream  of  the  bridge  crossing  the  creek  which  is 
adjacent  to  the  upstream  portion  of  the  right  abutment.  The  exposed 
portion  of  the  shear  zone  is  only  about  2  feet  wide,  but  part  of  it  is 
covered  by  colluvium.  The  zone  contains  fractured  rock  but  essentially 
no  gouge.  The  fault  is  not  visible  at  any  other  place  in  the  foundation, 
as  it  is  covered  with  co3_LuAd.um  and  terrace  deposits,  but  its  position 
can  be  located  by  terminated  beds. 

Another  fault,  which  trends  approximately  east-west,  is  present 
in  the  channel  area.  It  could  not  be  observed  nor  exactly  located  since 
it  is  covered  \r±th   channel  and  terrace  deposits,  but  offset  beds  indi- 
cate its  existence. 

A  fault  with  an  apparent  displacement  of  about  25O  feet  occurs 
in  the  saddle  at  elevation  926  feet  on  the  right  abutment.  The  fault 
zone  is  obscured  by  colluvial  material  and  could  not  be  observed.  Its 
presence  is  indicated  by  offset  beds. 

Other  smaller  faults  appear  to  be  present  on  the  left  abutment, 
but  the  lenticular  nature  of  the  conglomerate  and  sandstone  beds,  and  the 
lack  of  good  outcrops,  make  detection  emd  accurate  location  difficult. 
However,  it  appears  there  is  at  least  one  minor  fault  on  the  left  abut- 
ment, and  there  may  be  more. 

In  addition  to  the  above  faults,  there  are  many  small,  very 
narrow  faults  with  displacements  of  2  to  3  feet  visible  in  the  channel 
a  short  distance  downstream  from  the  site.  Essentially  all  of  them 
show  rehealing  with  calcite  and  appear  to  be  tight  and  impervious.  This 
indicates  that  the  larger  faults  are  probably  also  rehealed  to  some  extent. 

Foundation  Conditions 

The  mudstone  is  the  weakest  of  the  three  rock  types  at  the  site. 
Various  handbooks  and  building  codes  give  an  allowable  bearing  capacity 
of  10  to  15  tons  per  sqioare  foot  for  this  type  of  rock,  but  this  does  not 
take  into  account  such  factors  as  the  size  and  shape  of  the  structure, 
and  the  maximiam  allowable  settlement.  The  value  is  intended  to  be  an 
estimate  only,  and  not  a  sound  basis  for  design.  Based  on  tests  of 
similar  type  rocks,  the  average  vmconfined  compressive  strength  of  the 
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mudstone  is  estimated  to  be  as  much  as  2,000  psi,  or  ikk   tsf .   It  is 
believed  the  mudstone  has  sufficient  strength  to  provide  an  adequate 
foundation  for  a  dam  of  the  desired  height,  if  stripped  to  fresh, 
unslaked  rock. 

The  sandstone  and  conglomerate  are  much  stronger  than  the  mud- 
stone. Thirty-one  tests  to  determine  the  unconfined  compressive  strength 
of  fresh  sandstone  and  conglomerate  core  obtained  by  diamond  drilling 
along  Rocky  Ridge,  showed  an  average  \mconfined  compressive  strength  of 
8,700  psi  for  the  conglomerate,  and  11,800  psi  for  the  sandstone.  Some 
poorly  cemented  beds  with  strengths  much  lower  than  this  occiir  in  the 
foundation,  but  they  maJce  up  a  small  part  of  it.  The  sandstone  and 
conglomerate  have  sufficient  strength  to  provide  an  adequate  foundation 
for  the  dam  if  they  are  stripped  to  fresh  or  slightly  weathered  rock. 

The  faults  which  have  offset  the  beds  in  the  foundation  will 
require  some  special  treatment  d\iring  construction,  but  they  are  not 
expected  to  present  a  great  deal  of  difficulty.  None  of  the  faults  are 
active  and  they  are  ^n  believed  to  be  narrow  and  relatively  impervious. 
The  faults  will  reqviire  some  dental  work  to  remove  highly  fractured,  weak 
foundation  rock,  but  they  are  not  expected  to  require  any  special  measures 
beyond  a  normal  grout  curtain  to  reduce  their  permeability. 

Clearing  will  consist  of  removing  a  light  covering  of  oak  trees 
on  the  left  abutment,  and  a  moderate  covering  on  the  right  abutment.  The 
upstream  portion  of  the  channel  is  nearly  clear. 

Stripping  of  the  foundation  will  consist  of  the  removal  of  ter- 
race and  channel  deposits,  soil,  weathered  rock,  and  slaked  mudstone  in 
the  impervious  zone.  The  following  table  summarizes  the  stripping 
estimates . 

Stripping  Estimates 
Channel 
15  feet  of  terrace  deposits 

5  feet  of  stream  chaimel  deposits 

3  feet  of  slaked  and  weathered  bedrock 
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Left  Abutment 

5  feet  of  soil  and  co2J.uvium 
10  feet  of  slaked  and  weathered  bedrock 

Right  Abutment 

8  feet  of  soil  euad  colluvium 
10  feet  of  slaked  and  weathered  bedrock 

An  estimated  75  percent  of  the  terrace  deposits  covild  be  sal- 
vaged for  use  as  semi-pervious  material.  The  material  is  mostly  silt 
with  some  silty  gravels.  About  75  percent  of  the  stream  channel  deposits  ■ 
sand  and  gravel  --  could  be  salvaged  for  use  as  pervious,  but  the  amovont 
available  is  very  small.  Approximately  75  percent  of  the  soil  and  collu- 
vium  could  be  salvaged  for  use  as  impervious.  About  50  percent  of  the 
weathered  bedrock  could  be  salvaged  for  use  as  impervious.  The  slaked 
fresh  mudstone  is  probably  not  suitable  for  use  in  the  fill,  since  it 
would  be  highly  pervious  when  placed,  but  after  a  period  of  time  it  would 
probably  break  down,  consolidate ^  and  become  impervious.  Also,  since  the 
mudstone  slakes  quite  rapidly  after  exposure  to  the  atmosphere,  it  may 
be  necessary  to  protect  the  mudstone  beneath  the  impervious  zone  during 
the  period  between  stripping  and  placing  of  the  fill,  or  progressively 
strip  the  foundation  as  the  fill  is  placed.  Gunite  would  probably  be 
the  best  method  of  protection. 

The  rocks  which  make  up  the  foiandation  are  essentially  imper- 
viOTxs,  and  leakage  is  not  expected  to  be  a  problem.  The  faulting  which 
occurs  in  the  channel  has  -ondoubtedly  produced  many  fractures  which  could 
contribute  to  leakage,  and  a  grout  ciortain  should  be  constnacted  to  inter- 
cept possible  leakage.  The  grout  take  is  expected  to  be  low. 

Spillway 

Several  saddles  in  Rocky  Ridge  are  well  suited  topographically 
for  use  as  a  spillway.  The  elevation  of  the  reservoir  sxirface  woxild 
affect  the  selection  of  the  most  desijrable  one.  During  the  investigation 
of  Roclsy  Ridge,  hole  RR-8  was  drilled  to  determine  the  s\iitability  of  that 
saddle  for  a  spillway  site.  The  mudstone  and  the  weathered  sandstone  and 
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conglomerate  would  erode  qiiite  rapidly  in  a  spillway  channel  where  the 
velocity  of  the  water  would  exceed  10  feet  i)er  second.  Lining  would  be 
required  in  at  least  part  of  the  spillway  channel. 

Diversion  Tunnel 

Tunneling  conditions  should  not  differ  appreciably  between 
abutments,  therefore  the  diversion  tunnel  can  be  located  where  most 
convenient.  However,  the  tunnel  could  be  slightly  shorter  with  the 
same  elevation  of  cofferdams  if  it  were  located  through  the  left  abut- 
ment. A  recommended  alignment  is  shown  on  Plate  11.   Its  location  is 
chosen  to  avoid  any  faults  which  cross  the  ridge. 

Tunneling  conditions  are  expected  to  be  good  in  fresh  rock. 
The  rock  load  is  expected  to  be  about  O.5  B  +  H  in  the  mudstcne,  and 
about  0.35  B  +  H  in  the  sandstone  and  conglomerate.  The  mudstone  would 
slake  continuously  if  exposed  to  the  atmosphere.  The  tunnel  should  be 
fully  lined  to  prevent  slaking  and  erosion. 

Construction  Materials 

An  investigation  for  construction  materials  for  all  the  dams 
connected  with  the  Glenn  Reservoir  Complex  is  reported  on  in  this  chapter. 
Plate  15  shows  the  location  of  the  various  construction  materials  in  the 
vicinity  of  Newville  damsite. 

Conclusions 

1.  The  foundation  is  suitable  for  an  earthfill  dam  ^4-00  feet 
in  height. 

2.  The  rocks  in  the  foundation  are  essentially  impervious,  but 
a  grout  curtain  should  be  constructed  to  intercept  seepage  through 
fractures.  The  grout  take  is  expected  to  be  low. 

3.  There  are  no  active  faults  at  the  site.  The  inactive  faiilts 
in  the  foundation  will  require  some  dental  work,  but  no  unusual  construc- 
tion difficulties  are  anticipated. 

k.     The  diversion  tunnel  should  be  fully  lined  and  supported. 
Tunneling  conditions  are  expected  to  be  good. 
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Recommendations 

1.  No  fo\indation  exploration  has  been  performed  at  the  site. 
The  abutments  ajid  channel  section  shoiild  be  investigated  with  drill  holes 
to  determine  depth  of  overburden,  relative  permeability  of  the  rocks,  and 
the  condition  of  the  faiolt  zones  in  the  foundation. 

2.  The  strength  and  bearing  capacity  of  the  mudstone  should  be 
determined  by  laboratory  and  field  tests. 
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Rancheria  Damsite 

Rancherla  damsite  is  located  on  Stony  Creek,  20  air  miles  west 
of  Willows,  in  T21N,  R6W,  Sections  ik   and  23,  MDB  &  M,  Access  to  the  site 
is  provided  by  a  paved  road  from  Willows  to  within  about  5  miles  of  the 
site,  and  by  a  private  graveled  road  which  crosses  the  axis.  The  USGS 
Elk  Creek  quadrangle,  with  a  scale  of  1:62,500  and  contour  interval  of 
50  feet,  and  a  Department  of  Water  Resources  map  with  a  scale  of  l:il-,800 
and  contour  interval  of  20  feet,  provide  topographic  coverage  of  the 
site. 

For  the  complete  development  of  the  Glenn  Reservoir  Complex,  a 
dam  would  be  required  at  Rancheria  damsite,  or  at  Millsite  (Julian  Rocks) 
damsite,  which  is  2.3  miles  downstream.  At  Rancheria  damsite,  a  dam  with 
a  crest  elevation  of  1,000  feet  would  be  about  i^OO  feet  high  and  5,000 
feet  long. 

Purpose  and  Scope 

The  purpose  of  this  examination  -v/as  to  evaluate  the  geologic 
conditions  .n  the  area  in  relation  to  their  effect  on  the  construction  of 
a  dam  au  the  site.  The  investigation  was  directed  toward  the  preparation 
of  a  geologic  map.  A  study  of  construction  materials  for  all  the  dams 
connected  with  the  Glenn  Reservoir  Complex  was  completed  prior  to  this 
study.  The  damsite  has  not  been  drilled. 

Previous  Investigations 

Previovis  geologic  investigations  at  the  site  consisted  of  a 
brief  examination  and  reconnaissance  outline  report.  Also,  during  an 
investigation  for  construction  materials  for  the  dam,  the  stream  channel 
was  drilled  with  an  auger  up-  and  downstream  from  the  axis  to  determine 
the  thickness  of  the  stream  channel  deposits,  eind  several  auger  holes 
were  drilled  to  determine  the  thickness  of  the  terrace  deposits  at  and 
near  the  site.  Logs  of  the  holes  are  available  in  the  Northern  Branch 
Geology  files. 
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Geology  of  the  Site 

Outcrops  of  bedrock  are  very  scarce  at  the  site.  The  upper 
parts  of  the  abutments  are  covered  vrith  soil,  the  lower  parts  are  covered 
vri. th  terraxje  deposits,  and  a  wide  deposit  of  sand  and  gravel  blankets 
the  channel.  However,  the  bedrock  is  well  exposed  in  steep  beuiks  adja- 
cent to  the  channel.  Since  the  rock  units  at  the  site  have  a  very  consis- 
tent attitude,  a  geologic  map  of  the  foundation  was  prepared  primarily 
by  projecting  the  geologic  contacts  from  the  outcrops  near  the  channel 
to  the  abutments. 

The  foundation  rock  at  the  site  is  all  sedimentary  and  belongs 
to  the  Shasta  series,  of  Lower  Cretaceous  age.   It  consists  of  mudstone 
with  interbedded  seoidstone,  and  a  small  amount  of  siltstone.  Mudstone 
comprises  about  75  percent  of  the  dam  foundation.  The  beds  strike  nearly 
north- south,  parallel  to  the  dam  axis,  and  dip  about  65  east,  or  down- 
stream. 

Three  types  of  geologic  units  were  mapped  in  the  bedrock  portion 
of  the  foundation  area:   (l)  mudstone,  with  interbedded  sandstone  com- 
prising less  than  10  percent  of  the  unit,  (2)  mudstone,  with  interbedded 
sandstone  comprising  about  30  percent  of  the  unit,  and  (3)  sandstone, 
with  minor  interbedded  mudstone.  Unit  (l)  underlies  the  major  portion 
of  the  foundation.  The   contacts  between  the  above  three  \inits  are  usually 
gradational  emd  based  on  interpretation.  Overlying  the  bedrock  are  terrace 
deixDsits  at  two  elevations,  and  gravels  in  the  stream  channel.  Plate  12 
shows  the  relationship  of  an  these  units. 

The  sandstone  is  gray,  moderately  hard,  mostly  fine-grained, 
and  usually  thin-bedded.  The  individual  beds  average  about  3  inches  in 
thickness,  but  the  thickness  varies  from  a  fraction  of  an  inch  up  to 
2k   inches.  The  sandstone  beds  are  usually  separated  by  several  feet  of 
mudstone,  but  in  places  the  sandstone  beds  are  sandwiched  together  and 
form  units  up  to  100  feet  thick.  The  sandstone  is  more  resistant  than 
the  mudstone,  and  occasionally  siltstone  forms  resistant  beds.  This 
greater  resistance  of  the  sandstone  to  erosion  is  the  reason  for  the 
existence  of  the  ridges  which  form  the  abutments  at  the  site.  The  valleys 
extending  i)erpendicular  to  the  stream  channel  upstream  and  dovmstream  from 
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the  £Lxis  have  been  eroded  in  the  softer  inudstone.  The  sandstone  is  lightly 
jointed  at  right  angles  to  the  bedding.  On  the  abutments,  the  sandstone 
occasionally  outcrops  but  it  is  usually  covered  with  soil.  Good  outcrops 
occur  only  near  the  channel. 

The  mudstone  is  dark  gray,  soft  to  moderately  hard,  and  losually 
very  thinly  bedded,  although  the  bedding  is  difficult  to  see.  It  is  com- 
posed of  a  mixture  of  clay,  silt,  and  fine  sand.  Upon  exposure  to  air, 
the  clay  within  the  mudstone  dehydrates  and  shrinks,  cracks  develop,  and 
the  mudstone  slakes  to  small  angular  fragments.  This  slaking  usually 
extends  to  a  depth  of  about  1  foot  in  fresh  rock. 

Terrace  deposits  overlie  portions  of  the  bedrock  near  the  chan- 
nel. The  right  abutment  has  terraces  at  elevations  63O  and  69O,  and  the 
left  abutment  has  a  narrow  terrace  at  elevation  63O.  The  terrace  deposits 
consist  mostly  of  clayey  gravels  and  average  about  7  feet  in  thickness, 
based  on  the  results  of  the  auger  drilling.  They  are  not  well  consoli- 
dated and  should  be  stripped  beneath  all  portions  of  the  dam. 

The  stream  channel  is  \mderlain  by  a  wide  deposit  of  sands  and 
gi^vels.  Auger  holes  indicate  they  average  about  12  feet  in  thickness 
at  the  site.  The  deposits  consist  of  moderately  clean  sands  and  well 
rounded  gravels  up  to  several  inches  in  diameter.  They  should  be  strip- 
I)ed  beneath  all  portions  of  the  dam. 

Several  gmal 1  faults  with  displacements  of  up  to  about  3  feet 
were  observed  at  the  site,  but  they  are  all  very  narrow,  and  appear  to 
be  impervious.  Many  have  been  rehealed  by  the  deposition  of  calcite  in 
the  fault  zone.  There  is  no  fault  with  significant  displacement  in  the 
channel,  since  similar  rock  units  on  each  side  of  the  channel  line  up 
along  the  strike.  It  is  believed  that  any  faults  which  occvur  in  the 
foundation  are  minor  and  will  reqtiire  very  little  remedial  work. 

Foxmdation  Conditions 

The  mudstone  is  the  weakest  of  the  rock  types  which  make  up 
the  foundation.  Various  handbooks  and  building  codes  give  an  allowable 
bearing  capacity  of  10  to  15  tsf  for  rock  of  this  type  but  this  does  not 
take  into  account  such  factors  as  the  size  and  shape  of  the  structure. 
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or  its  ability  to  withstand  settlement.  Based  on  rock  tests  of  similar 
type  rock,  the  average  unconfined  compressive  strength  of  the  mudstone 
is  estimated  to  be  between  1,500  and  2,000  psi.  The  central  portion  of 
the  foiuidation  area  contains  about  30  to  kO   percent  sandstone,  which  is 
estimated  to  have  an  imconfined  compressive  strength  of  6,000  to  8,000 
psi.  The  sandstone  is  thus  desirably  located,  since  it  occiirs  in  the 
area  where  the  maximum  load  would  be  imposed  on  the  foundation.  The 
critical  portions  of  the  foundation,  if  they  are  critical,  appear  to 
be  upstream  and  downstream  of  the  sandstone  section,  where  the  weight 
of  the  overlying  material  would  have  to  be  supported  almost  entirely  by 
the  weaker  mudstone.  It  is  believed  that  the  mudstone,  if  stripped  to 
fresh,  unslaked  rock,  has  adequate  strength  to  support  a  dam  of  the 
desired  height  without  requiring  unusual  measures  to  maintain  stability 
of  the  foundation.  The  bearing  capacity  of  the  mudstone  should  be  deter- 
mined by  testing,  however. 

All  the  faults  which  were  observed  at  the  site  were  very  narrow, 
had  very  little  displacement,  and  appeared  to  be  impervious.  Some  faiilts 
may  be  uncovered  during  stripping  which  may  require  dental  work,  but  the 
amount  is  expected  to  be  very  minor. 

Clearing  will  consist  of  removing  a  moderate  growth  of  oak 
trees  on  the  right  abutment  and  a  light  growth  on  the  left  abutment  and 
in  the  channel.  Much  of  the  foundation  area  is  clear  of  brush  or  trees. 

Stripping  will  consist  of  removing  the  terrace  and  stream  chan- 
nel deposits,  soil,  weathered  rock,  and  slaked  mudstone  under  portions 
of  the  dam.  Stripping  requirements  will  be  relatively  light,  and  they 
shoiild  be  essentially  the  same  under  all  sections  of  the  dam. 

In  the  channel,  the  semd  and  gravel  averages  about  12  feet  in 
thickness  at  the  axis.  It  should  be  removed  imder  all  sections  of  the 
dam.  Essentially  all  of  it  could  be  used   for  pervious  fill,  or  processed 
and  used  in  filters  or  drains.  In  addition,  an  estimated  3  feet  of  slaked 
and  weathered  bedrock  beneath  the  gravels  should  be  removed. 

On  the  right  abutment,  the  lower  terrace  averages  8  feet  in 
thickness,  and  the  upper  terrace  7  feet.  One  hole  penetrated  15  feet 
of  terrace  material  in  the  lower  terrace.  All  of  this  material  should 
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be  stripped.  In  addition,  an  estimated  5  feet  of  slaked  and  weathered 
bedrock  beneath  the  terraces  should  be  stripped.  Elsewhere  on  the 
abutment,  an  estimated  5  feet  of  soil  and  an  average  of  10  feet  of 
weathered  rock  should  be  removed.  The  terrace  deposits  consist  of 
clayey  gravel,  suitable  for  use  as  impervious  fill,  and  an  estimated 
85  percent  of  the  stripped  terrace  deposits  could  be  salvaged.  The 
soil  to  be  stripped  is  a  clayey  silt,  and  shoiiLd  be  suitable  for  use 
as  low-strength  impervious  material.  The  soil  is  noticeably  thicker 
on  the  right  abutment  than  on  the  left.  An  estimated  75  percent  of 
the  stripped  soil  could  be  salvaged.  Probably  no  more  than  50  percent 
of  the  underlying  slaJied  and  weathered  bedrock  could  be  salvaged. 

Aviger  hole  No.  1  on  the  right  abutment  reportedly  penetrated 
18  feet  of  decomposed  mudstone  before  contacting  fresh  mudstone.   Usu- 
ally the  mudstone  in  the  auger  holes  was  foimd  to  be  fresh  within  5  feet 
of  the  bedrock  surface,  and  often  within  2  to  3  feet.  No  faulting  could 
be  observed  at  the  hole,  although  faulting  would  be  difficiiLt  to  detect. 
The  deep  weathering  may  be  due  to  erosion  or  leaching  beneath  the  old 
stream  channel,  or  it  could  be  that  a  softer  bed  was  encountered.  This 
limited  exploration  indicates  that  there  are  areas  in  the  foundation 
where  deeper  stripping  or  dental  work  may  be  reqiiired. 

On  the  left  abutment,  the  terrace  averages  about  5  feet  in 
thickness.   It  should  be  removed,  jiLus  an  estimated  5  feet  of  weathered 
bedrock  beneath  it.  It  is  estimated  that  80  percent  of  the  terrace 
deposit  could  be  salvaged  for  use  as  impervious  fill.  On  the  rest  of 
the  abutment,  about  3  feet  of  soil  and  10  feet  of  slaked  and  weathered 
bedrock  beneath  it  should  be  stripped.  Approximately  50  percent  of  the 
soil  and  50  percent  of  the  weathered  bedrock  could  be  salvaged. 

The  slaked  fresh  mudstone  consists  of  small  angular  fragments 
which  are  very  pervious,  and  should  be  stripped  beneath  the  impervious 
section  of  the  dam.  Since  the  mudstone  slakes  rapidly  after  exposvire, 
it  is  desirable  to  progi-essively  trim  the  foundation  as  the  embankment 
is  placed  or  protect  the  foundation  vtnderlying  the  impervious  section 
from  exposure  during  the  period  between  stripping  and  placing  of  the 
fill.  Protection  could  probably  best  be  accomplished  by  guniting. 
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The  slaJsed  mudstone  appears  to  be  unsuitable  for  use  in  the 
fill.  A  sample  taken  about  1  mile  west  of  the  site  and  tested  in  the 
laboratory  consisted  of  sharp  angular  fragments,  97  percent  of  which 
were  between  No.  l6  and  minus  3/^  inch.  After  kO   cycles  of  wetting  and 
drying,  the  material  broke  down  to  where  60  percent  of  it  was  minus  200. 
It  is  believed  that  compaction  equipnent  would  not  break  the  fragments 
down  to  an  impervious  material  if  it  were  used  in  the  fill.  The  material 
when  placed  would  be  highly  pervidus,  but  after  a  period  of  time  it  would 
break  down,  consolidate  considerably,  and  become  relatively  imperviovis. 

The  following  table  summarizes  the  stripping  estimates. 

Stripping  Estimates 

Channel 
12  feet  of  sand  and  gravel 

3  feet  of  slaked  and  weathered  bedrock 
Left  Abutment 
Beneath  terrace 
5  feet  of  terrace  deposits 

5  feet  of  slaJted  and  weathered  bedrock 
Remainder  of  Abutment 

3  feet  of  soil 
10  feet  of  slaked  and  weathered  bedrock 

Right  Abutment 
Beneath  lower  terrace 

8  feet  of  terrace  deposits 

5  feet  of  slaked  and  weathered  bedrock 
Beneath  upper  terrace 

7  feet  of  terrace  depiosits 

5  feet  of  slaked  and  weathered  bedrock 
Remainder  of  Abutment 

5  feet  of  soil 
10  feet  of  slaked  and  weathered  bedrock 
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The  iDedrock  in  the  foundation  is  essentially  impei-vious  and 
leakage  through  the  fractures  or  abutments  could  occur  only  along 
fractures.  Leakage  at  the  site  is  not  expected  to  be  a  problem  since 
the  rock  is  lightly  jointed,  faulting  is  minor  and  has  not  caused 
extensive  fractxiring,  ajid  the  fault  zones  observed  are  not  extensive 
nor  are  they  permeable.  A  grout  curtain  should  be  constructed  however, 
to  intercept  any  possible  leakage  throvigh  fractiires.  It  is  believed  the 
grout  take  will  be  low.  Incidentally,  portions  of  the  rim  of  the  reser- 
voir would  be  formed  by  thin,  narrow  ridges,  and  all  narrow  portions 
shoiiLd  be  evaluated  in  relation  to  their  leakage  potential, 

Spi  1 1  way 

There  are  several  saddles  in  the  narrow  ridge  along  the  reser- 
voir rim  which  are  well  siiited  topographically  for  a  spillway.  Two  of 
them  are  near  the  site,  to  the  north  and  south.  In  these  saddles,  the 
ridge  consists  of  the  same  material  that  underlies  the  dam  foundation, 
mudstone  and  sandstone.  The  rocks  are  relatively  soft  and  would  erode 
rapidly  in  spillway  channels  where  the  velocity  of  the  water  exceeds 
about  10  feet  per  second.  Also,  the  slaking  of  the  mudstone  would  in- 
crease the  rate  of  erosion.  Lining  will  be  needed  in  portions  of  the 
spillway  channel  to  prevent  excessive  erosion.  On  the  crest  of  the 
ridge,  the  depth  to  rock  suitable  for  foundation  for  a  spillway  is 
estimated  to  be  about  20  feet.  Cut  slopes  should  be  about  l-l/2:l. 

Diversion  Tunnel 

The  rock  conditions  are  essentially  the  same  on  both  abutments, 
and  the  diversion  tunnel  can  be  located  where  most  convenient.  The  rock 
load  is  estimated  to  be  about  0.5  B  +  H.  The  mudstone  in  the  tunnel 
would  slake  continuously  if  left  exposed  to  the  atmosphere.  The  tunnel 
should  be  fully  lined  to  prevent  slaking  ajid  erosion. 

Construction  Materials 

An  investigation  of  construction  materials  for  all  the  dams 
connected  with  the  Glenn  Reservoir  Complex  is  reported  upon  in  this 
chapter.  No  further  work  was  accomplished  during  this  investigation. 
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Conclusions 

1.  The  foimdation  is  suitable  for  a  properly  designed  fill- 
type  dam  i+OO  feet  in  height . 

2.  There  are  no  active  faults  at  the  site,  axid  only  insigni- 
ficant, inactive  faults  were  observed. 

3.  The  rocks  in  the  foundation  are  essentially  impervious, 
but  a  grout  curtain  sho\ald  be  constructed  to  intercept  seepage  through 
fractures.  The  grout  take  is  expected  to  be  low. 

k.     A  diversion  tunnel  caji  be  located  where  most  convenient. 
It  should  be  fully  lined  and  supported. 

Recommendations 

1.  No  foundation  exploration  has  been  performed  at  the  site. 
The  foundation  shoiiLd  be  drilled  to  determine  the  depth  of  overburden, 
the  depth  of  weathering  of  the  rock,  and  the  relative  permeability  of 
the  rocks. 

2.  The  strength  and  bearing  capacity  of  the  fresh  vinslaked 
mudstone  in  the  foxondation  should  be  determined  by  testing. 


II 
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Mi  1 1  site  Damsite 

Millsite  (Julian  Rocks)  damsite  is  located  on  Stony  Creek, 
about  20  miles  west  of  Willows,  in  T21W,  R6W,  Sections  1  and  12,  MDB  &  M. 
Access  is  provided  by  a  paved  road  from  Willows  to  within  h  miles  of  the 
site,  then  by  graveled  road  and  unimproved  dirt  road  to  within  about 
one-quarter  mile  upstream  of  the  axis.  The  USGS  Fruto  quadrangle,  with 
a  scale  of  1:62,500  and  contour  interval  of  50  feet,  and  a  Department  of 
Water  Resources  map  with  a  scale  of  1:4,800  and  contoiir  intei-val  of 
20  feet,  provide  topographic  coverage  of  the  site. 

The  site  is  an  alternative  to  Rancheria  damsite,  which  is 
2.3  air  miles  upstream.  At  one  of  the  sites,  a  dam  would  be  required 
for  the  complete  developnent  of  Glenn  Reservoir  Complex «  If  Millsite 
Dam  were  constructed  to  an  elevation  of  97^*-  feet,  the  highest  elevation 
considered,  the  dam  would  be  k2^   feet  high  and  about  7,200  feet  long. 

Purpose  and  Scope 

The  purpose  of  this  investigation  was  to  evaluate  geologic 
conditions  in  the  area  as  related  to  construction  of  a  dam  at  the  site. 
The  investigation  consisted  of  geologic  mapping  of  the  foundation  and 
the  preparation  of  this  report. 

Previous  Investigations 

Previous  investigations  at  the  site  include  a  brief  reconnais- 
sance investigation  and  outline  report  by  the  Department  in  I96O.  A 
search  for  construction  materials,  including  auger  drilling,  was  per- 
formed at  a,bout  the  same  time.  The  U.  S,  Bureau  of  Reclamation  explored 
the  site  in  about  I923  for  a  135-foot  slab-and-buttress  type  dam.  Their 
investigation  included  geologic  mapping,  three  test  pits,  and  I9  diamond 
drill  holes.  The  resxjilts  are  published  in  Division  of  Water  Resources 
Bulletin  26,  "Sacramento  River  Bas5.n",  published  in  1931  • 

Geology  of  the  Site 

Three  rock  types  underlie  the  fovmdation:  mudstone,  sandstone, 
and  conglomerate,  listed  in  order  of  abundance  (see  Plate  I3).  The  rocks 
occvir  in  beds  striking  nearly  north-south,  or  parallel  to  the  dam  axis. 
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and  dipping  about  50  to  the  east,  or  downstream.  The  rock  belongs  to 
two  different  geologic  units:  the  Shasta  series  of  Lower  Cretaceous 
age,  and  the  Chico  group  of  Upper  Cretaceous  age.  The  contact  between 
the  two  has  been  mapped  at  the  base  of  the  conglomerate. 

Outcrops  of  the  bedrock  are  scarce  at  the  site.  The  abutments 
are  covered  with  soil,  the  lower  portion  of  the  left  abutment  is  covered 
with  terrace  deposits,  and  the  channel  is  covered  with  sand  and  gravel. 
The  bedrock  is  exposed  in  steep  banks  adjacent  to  the  channel,  and  in 
gullies.  Outcrops  on  the  abutments  are  essentially  limited  to  conglo- 
merate and  some  sandstone. 

The  conglomerate  is  the  strongest  and  most  resistant  rock  type 
at  the  site.  On  the  left  abutment  it  occvirs  in  two  massively  bedded 
units,  each  about  50  to  75  feet  thick,  separated  by  interbedded  sandstone 
and  mudstone.  The  two  units  join  and  form  one  thick  vmit  on  the  right 
abutment.  Discontinuous,  lenticular  sandstone  beds  occixr  within  the 
conglomerate  units.  The  conglomerate  consists  of  well-rounded  pebbles 
and  cobbles  up  to  12  inches  in  diameter,  in  a  matrix  of  fine-grained 
material.  The  rock  is  cemented  with  argillaceous  material  and  iron 
oxide,  and  is  tight  and  impervious.  The  Bureau  of  Reclamation  planned 
to  place  the  slab-and-buttress  dam  on  the  conglomerate  and,  aufter  their 
investigation,  concluded  it  was  satisfactory  for  this  purpose. 

The  sandstone  is  fine-grained,  moderately  hard,  and  less 
resistant  to  erosion  than  the  conglomerate.  In  the  Chico  group  some  of 
the  sandstone  beds  contain  a  large  amount  of  angular  mudstone  fragments. 
The  sandstone  occurs  in  beds  which  average  less  than  6  inches  in  thick- 
ness, but  occasionally  are  up  to  2  feet  thick.  They  are  usually  sepa- 
rated by  several  feet  of  mudstone.  In  places,  however,  the  sandstone 
beds  occur  together  and  form  thick  units.  These  were  mapped  where  they 
are  exposed  near  the  channel  and  projected  to  the  abutments.  Outcrops 
are  so  scarce  on  the  abutments  that  contacts  between  units  cannot  be 
observed  there. 

The  mudstone  is  gray,  consists  of  a  mixture  of  clay,  silt,  and 
sand,  and  is  soft  to  moderately  hard.  It  is  thinly  bedded  to  laminated 
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but  the  bedding  is  obscured  by  the  slaking  tendency.  Upon  exposixre  to 
air,  the  clay  within  the  mudstone  dehydrates  ajid  shrinks,  the  rock 
develops  cracks,  and  it  disintegrates  into  small  angular  fragments. 
This  slaking  extends  to  a  depth  of  about  1  foot  in  fresh  rock.  The 
mudstone  laiits,  as  shovni  on  Plate  13,  contain  many  thin  interbeds  of 
sandstone . 

A  broad  terrace  overlies  the  bedrock  on  a  large  portion  of  the 
left  abutment  and  a  small  portion  of  the  right  abutment.  The  terrace 
deposits  are  well  exposed  in  steep  banks  adjacent  to  the  channel,  and 
appear  to  be  about  5  feet  thick.  The  deposits  consist  of  clayey  gravels. 
Upstream  of  the  axis,  the  lower  terrace  is  considerably  thicker,  and 
consists  of  silts,  fine  sands,  and  gravels.  It  underlies  only  a  small 
portion  of  the  foundation. 

The  stream  channel  contains  a  wide  deposit  of  sand  and  gravel 
which  averages  about  l8  feet  in  thickness,  based  on  a\iger  drilling.  The 
sand  and  gravel  is  quite  clean,  and  is  well  suited  for  use  as  pervious 
fill. 

There  are  no  active  faults  at  the  site, nor  are  there  any  large 
inactive  faults.  Only  very  small,  narrow  faults  were  observed,  and  they 
are  of  no  consequence.   It  is  believed  that  any  faults  which  exist  in 
the  foundation  are  minor  and  will  require  very  little  remedial  work. 

Foundation  Conditions 

The  mudstone  is  the  weakest  of  the  three  rock  types  which  com- 
prise the  foundation.  Various  handbooks  and  building  codes  give  an 
allowable  bearing  capacity  of  10  to  15  tons  per  square  foot  for  rock  of 
this  type.  This  does  not  take  into  account  such  factors  as  the  size  and 
shape  of  the  structure,  nor  its  ability  to  withstand  settlement.  Based 
on  tests  of  similar  rock,  the  unconfined  compressive  strength  of  the  mud- 
stone is  estimated  to  be  about  1,500  psi.  The  strengths  of  the  sajidstone 
amd  conglomerate  are  considerably  higher  than  this,  probably  three  to 
four  times,  but  they  make  up  only  about  25  percent  of  the  foundation. 
Also,  they  are  mostly  upstream  of  the  area  where  the  maximum  load  woxold 
be  exerted  by  the  fill  on  the  foimdation.  The  mudstone  is  believed  to 
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have  sufficient  strength  to  provide  an  adeqiiate  foxmdation  for  a  fill- 
type  dam  U25  feet  high  without  requiring  special  design  or  provisions 
to  maintain  the  stability.  However,  the  bearing  capacity  of  the  mud- 
stone  should  be  determined  by  testing. 

Clearing  will  consist  of  removing  a  light  growth  of  oak  trees 
from  the  foundation  area.  Much  of  the  area  is  free  from  any  brusn  or 
trees. 

Stripping  will  consist  of  removing  stream  channel  deposits, 
terrace  deposits,  and  weathered  rock.  Total  stripping  reqiiirements 
shoxild  be  relatively  light,  and  about  the  same  ixnder  all  sections  of  the 
dam.  It  should  be  noted  these  estimates  of  stripping  are  made  without 
benefit  of  drilling,  except  aiiger  drilling  in  the  terrace  and  channel 
deposits . 

Two  auger  holes  in  the  channel  downstream  of  the  dam  indicate 
that  the  average  thickness  of  the  channel  deposits  is  about  I8  feet. 
However,  two  U.  S.  Bureau  of  Reclamation  diamond  drill  holes  penetrated 
gravels  to  depths  of  28  and  58  feet.  The  holes  apparently  encountered 
a  pothole  eroded  in  the  mudstone  and  sandstone.  The  location  of  the 
holes  is  shown  on  Plate  13.  The  channel  deposits  (sandy  gravels)  should 
be  stripped  under  all  sections  of  the  dam,  and  in  addition  an  estimated 
3  feet  of  underlying  slaked  and  weathered  bedrock  should  be  removed. 
Over  90  percent  of  the  gravels  could  be  salvaged  for  use  in  the  pervious 
section  of  the  dam,  or  processed  and  used  in  filters  or  drains.  The 
slaked  fresh  mudstone  probably  could  not  be  used  in  the  fill  since  it 
wotild  be  highly  pervious  when  placed,  but  it  would  eventually  break 
down,  consolidate  considerably,  and  become  impervious. 

On  the  right  abutment  it  is  estimated  that  an  average  of 
8  feet  of  soil  and  10  feet  of  slaked  and  weathered  bedrock  should  be 
removed  xmder  the  entire  embankment.  An  estimated  60  percent  of  the 
stripped  material  coiild  be  salvaged  for  use  as  moderately  low- strength 
impervious  fill. 

The  left  abutment  contains  a  terrace,  downstream  from  the  con- 
glomerate, at  elevation  58O  feet.  One  auger  hole,  and  exposures  in  the 
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steep  bank  on  the  south  edge  of  the  terrace,  indicate  that  the  terrace 
material  averages  about  5  feet  in  thickness.  It  should  be  stripped 
beneath  the  dam.  The  material  consists  of  clayey  gravel  suitable  for 
use  as  impervious  fill,  and  an  estimated  75  percent  could  be  salvaged 
for  this  purpose.  Upstream  from  the  conglomerate,  two  terraces  occur 
on  the  left  abutment,  one  at  elevation  565  and  the  other  at  elevation 
600.  The  lower  terrace  averages  about  10  feet  in  thickness  in  the  area 
it  occupies  in  the  foundation.  Upstream  it  is  considerably  thicker,  up 
to  at  least  20  feet.  It  consists  of  layers  of  fine  sand,  silty  sand, 
silt,  and  some  gravels.  About  75  percent  of  it  coxild  be  salvaged  for 
use  as  semi-pervious.  In  addition  to  the  stripping  of  the  terrace 
deposits,  an  estimated  5  feet  of  underlying  slaked  and  weathered  bed- 
rock shoiiLd  be  removed,  50  percent  of  which  coviild  be  salvaged  for  use 
as  impervious  fill.  Elsewhere  on  the  abutment,  an  estimated  5  feet 
of  soil  and  10  feet  of  slaJted  and  weathered  bedrock  ghould  be  removed. 
About  50  percent  could  be  salvaged  for  use  as  impervious. 

Since  the  muds  tone  slakes  rapidly  after  exposiore  to  the  atmos- 
phere, protection  of  the  mudstone  beneath  the  impeirvious  section  from 
exposure  during  the  period  between  stripping  and  placing  of  the  fill,  or 
progressive  trimming  of  the  foundation,  woxild  be  desirable.  Protection 
could  probably  best  be  accomplished  by  gunite. 

The  following  table  summarizes  the  estimates  of  stripping 
requirements . 

Stripping  Estimates 
Chn.nnel 
18  feet  of  sand  and  gravel 
3  feet  of  sla^d  and  weathered  bedrock 
Left  Abutment 
Beneath  Terrace 
5  feet  of  terrace  material 
5  feet  of  slaked  and  weathered  bedrock 
Remainder  of  Abutment 

5  feet  of  soil 
10  feet  of  slaJced  and  weathered  bedrock 
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Right  Abutment 
8  feet  of  soil 
10  feet  of  slaked  and  weathered  bedrock 

All  rock  types  in  the  foundation  are  essentially  impervious, 
ajad  leakage  could  occur  only  through  fractures.  The  U.  S.  Bureau  of 
Reclamation  reported  ^-rater  loss  in  fractures  as  deep  as  56  and  65  feet 
in  the  diamond  drill  holes  in  the  conglomerate.  However,  the  rocks 
are  lightly  jointed,  faulting  is  very  minor,  and  leakage  is  not 
expected  to  be  a  problem.  A  grout  curtain  should  be  constructed  to 
intercept  any  leakage  through  fractures.  It  is  expected  that  the 
grout  take  will  be  low. 

Spillway 

A  spillway  located  on  the  left  abutment  around  the  end  of  the 
dam  would  require  a  cut  about  kO   feet  deep.  The  water  would  be  dis- 
charged into  a  gully  which  would  convey  it  well  downstream  of  the  dam. 

Bedrock  at  this  location  is  mostly  mudstone  and  sandstone  with 
some  conglomerate.  Stripping  of  approximately  20  feet  of  material  would 
be  reqviired  to  reach  sound  bedrock  on  which  to  found  the  spillway.  Cut 
slopes  should  be  at  about  2  to  1.  The  mudstone  and  some  of  the  sandstone 
would  erode  quite  rapidly  when  water  velocities  exceeded  about  10  feet 
per  second.  Also  slaking  of  the  mudstone  would  hasten  erosion.  Thus, 
at  least  a  portion  of  the  spillway  would  require  lining. 

Diversion  Tunnel 

Tunneling  conditions  will  be  essentially  the  same  on  each  abut- 
ment; therefore,  the  diversion  tunnel  can  be  placed  where  most  conven- 
ient. The  rock  load  is  estimated  to  be  about  0,5  B  +  H.  Lining  will  be 
reqiiired  to  prevent  slaking  and  erosion  of  the  mudstone  ajid  the  softer 
sandstone . 

Construction  Materials 

An  investigation  of  construction  materials  for  all  the  dams 
associated  with  the  Glenn  Reservoir  Complex  was  completed  earlier  and 
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the  results  are  contained  in  a  later  section  of  this  chapter.  Nothing 
in  addition  was  accomplished  during  this  investigation. 

Conclusions 

1.  The  foundation  is  siii table  for  a  properly  designed  earth- 
fill  dam  l<-25  feet  high. 

2.  The  rocks  in  the  foundation  are  essentially  impervious  and 
leakage  through  the  foundation  is  not  expected  to  be  a  problem  providing 
a  grout  curtain  is  constructed  to  intercept  seepage  through  fractiires. 
The  grout  taice  is  expected  to  be  low. 

3.  There  are  no  active  fauuLts  at  the  site.  The  observed 
faults  are  very  minor,  and  any  faults  found  in  the  foundation  will  re- 
quire very  little  remedial  work. 

k.     The  diversion  tunnel  should  be  fully  lined  and  supported. 
It  can  be  located  where  most  convenient. 

Re  c  ommendat  i  ons 

1,  No  foundation  drilling  has  been  performed  by  the  Department 
at  the  site.  The  foundation  should  be  drilled  to  determine  depth  of  over- 
burden, depth  of  weathering,  and  relative  permeability  of  the  rocks  in 
the  foimdation. 

2.  The  strength  of  the  mudstone  should  be  determined  by 
testing. 
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Chrome  Dike 

The  proposed  Chrome  Dike  is  in  the  N^  of  Sections  32  and  33, 
T22N,  R6w,  MDB  &  M,  and  is  designed  to  divide  the  Rancheria  and  Newville 
portions  of  the  Glenn  Resejrvoir  to  facilitate  integrated  project  staging. 

A  paved  county  road  passes  through  the  channel  section  of  the 
site.  The  proposed  dike  would  have  a  crest  length  of  about  4,000  feet 
with  the  crest  elevation  at  1,000  feet  above  sea  level.  The  maximum 
height  of  the  structure  would  be  100  feet.  A  65-foot  high  saddle  dike 
will  have  to  be  constructed  in  a  narrow  saddle  east  of  the  left  abutment. 

Fovindation  exploration  was  accomplished  by  drilling  21  auger 
holes  with  a  Department  of  Water  Resources  truck-mounted  Williams  auger. 
Some  of  the  holes  were  I8  inches  in  diameter,  some  were  10  inches  in 
diameter.  All  holes  were  drilled  to  refusal  or  to  a  depth  of  25  feet, 
the  maximum  obtainable  with  the  auger  rig. 

Geology  of  the  Site 

Chrome  Dike  is  underlain  by  flat-lying  recent  terrace  dejxjsits 
and  east-dipping  Cretaceous  shales  and  sandstones.  Recent  terrace 
deposits  cap  the  right  abutment  and  also  cover  the  entire  channel  sec- 
tion. The  main  objective  of  foundation  drilling  was  to  determine  the 
depth  of  both  terraces  and  their  suitability  as  foundation  material. 
The  depth  of  the  alluvial  terraces  averages  about  25  feet  and  is  at 
least  40  feet  thick  near  the  center  of  the  valley.  These  features  are 
shown  on  a  reconnaissance  geologic  map  on  Plate  ik. 

Terrace  alluvium  consists  mainly  of  clayey  to  silty  gravels , 
with  lenses  or  interbeds  of  semiplastic  silty  clay.  Shelby  tube  samples 
were  taken  in  the  clayey  members  to  determine  the  shear  strength  and 
consolidation  characteristics  of  the  material. 

The  clayey  terrace  gravels  are  believed  to  be  relatively  imper- 
vious, and  appear  to  have  adequate  shear  strength.  Pebble  size  material 
is  predominantly  composed  of  rounded  to  angular  fi-agments  of  schist  and 
serpentine,  indicating  a  westward  source.  Weli-ro\mded  jiebbles  derived 
from  the  conglomerate  of  Rocky  Ridge  were  found  only  in  the  sloi)ewash  and 
soil  immediately  adjacent  to  the  left  abutment  of  the  dike,  and  were 
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underlain  by  material  derived  from  pre-Cretaceous  rocks.  V/ater  was 
encountered  in  five  drill  holes  at  a  depth  from  17  to  23  feet. 

Bedrock  is  represented  by  shales  with  occasional  thin  sand- 
stone interbeds  belonging  to  the  Knoxville  formation  of  Jura-Cretaceous 
age.  The  approximate  shale -sandstone  ratio  is  75/25-  Bedrock  series 
at  the  site  have  a  north-south  strike  and  a  homoclinal  eastward  dip 
from  ^0  to  80  .  Numerous  small  cross  faults  and  joints  cut  the  rock 
nearly  normal  to  the  strike.  Some  minor  seepage  along  bedding  planes 
and  cross-fractures  may  be  anticipated.  The  bedrock  should  accept  only 
a  minimum  of  grout.  Wo  major  faults  were  mapped  in  the  vicinity  of  the 
site. 

Stripping  Estimates 

Stripping  of  alluvium  in  the  channel  and  bedrock  on  the  abut- 
ments should  be  accomplished  by  common  excavation.  A  core  trench  aver- 
aging 25  feet  in  depth  is  recommended  under  the  entire  channel  section 
to  insure  cutoff. 

CHROME  DIKE  SITE 
Stripping  Estimates 
Note:  All  common  excavation  at  Chrcane  Dike  and  Saddle  Dike. 


Zone 


Chajinel 


Right  Abutment 
(West) 


Left  Abutment 
(East) 


Pervious 
Impervious 


1  foot 
(gravelly  clay) 

25  feet 

(average  across 
channel  which  will 
remove  all  channel 
fill  material  in- 
cluding pervious 
water-bearing 
gravels . ) 


1  foot 
(gravelly  clay) 

5  feet 
(shales  and 
gravelly) 


1  foot 
(gravelly  clay) 

5  feet 
(shales) 
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SADEiLE  DIKE  "A"  (Elevation  935) 
Stripping  Estimates 


Zone 


Ctiannel 


West  Abutment 


East  Abutment 


Pervious 
Impervious 


8  feet 
8  feet 


1  foot 
5  feet 


1  foot 
5  feet 


Construction  Materials 

Eartbfill  material  suitable  for  impervious  fill  appears  to  be 
in  ample  quantities  within  a  2-mile  radius  of  the  site.  Impervious  fill 
consists  of  alluvial  terrace  deposits  --  silty  to  clayey  gravel.  The 
material  appears  to  have  excellent  embankment  characteristics. 

A  favorable  quarry  location  exists  above  the  left  (east) 
abutment  near  the  top  of  Rocky  Ridge.  Pervious  and  rockfill  material 
would  consist  of  sandstone  and  conglomerate.  A  limited  quantity  of 
rock  suitable  for  riprap  can  be  obtained  from  well-cemented  sandstone 
and  conglomerate  beds. 

The  nearest  source  of  concrete  aggregate  appears  to  be  in 
the  stream  channel  of  Stony  Creek  3  to  4  miles  south  of  the  site. 

Plate  15  shows  the  location  of  various  construction  materials 
in  the  Glenn  Reservoir. 

Tentative  Conclusions 

1.  Chrome  Dike  site  appears  svii table  for  the  proposed  earth- 
fill  structure. 

2.  Alluvial  terrace  deposits  in  the  channel  section  should  not 
present  any  major  problems  during  construction  of  the  dike. 

3.  Lenses  of  clay  of  relatively  low  strength  have  been  fovmd 
at  the  site.   They  appear  to  be  discontinuous  and  should  not  present 
any  major  foxmdation  settlement  problems. 
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Glenn  Reservoir  Complex 
Construction  Materials 

An  extensive  field  sampling  program  was  conducted  during  1959 
and  i960  to  determine  the  quantity  and  chareicteristics  of  the  potential 
borrow  material  for  the  proixssed  dams  and  saddle  dikes  of  the  Glenn 
Reservoir  Complex.  The  sampling  was  accomplished  with  an  auger  drill  in 
the  unconsolidated  material  auid  the  potential  quarry  sites  were  tested 
with  three  diamond  drill  holes. 

The  following  types  of  material  were  investigated:   (l)  Imper- 
vious fill  -  Tehama  formation,  terraces  and  slopewash;  (2)  Pervious  fill  - 
stream  cheunnel  deposits;  (3)  Rockfill  and  riprap  -  Jurassic  and 
Cretaceous  sajadstone  and  conglomerate,  Franciscan  formation  meta- volcanic 
or  basic  igneous  rock,  resistant  igneous  units  in  the  serpentine  belt. 
Location  of  the  borrow  areas  and  the  exploration  holes  is  shown  on 
Plate  15.  Table  7  summarizes  types  of  materials  and  qviantities  avail- 
able. Table  8  presents  a  simmary  of  test  data  pertaining  to  Tehama 
formation  materials. 

Tehama  Formation 

The  Tehama  formation  in  the  Glenn  Reservoir  area  consists  of 
flat  lying,  weakly  consolidated  continental  sediments.  The  formation  is 
composed  of  poorly  sorted  unconsolidated  silts,  clayey  silts ,  sands,  and 
clayey  gravel  predominsintly  of  yellow,  buff,  and  red-brown  color. 

This  unit  wiH  provide  virtually  all  the  impervious  fill  for 
the  proposed  Newville  and  Rancheria  (or  MiUsite)  dams. 

Terraces 

Terraces  in  the  reservoir  area  appear  to  be  reworked  Tehama 
sediments  and  generally  consist  of  clayey-silty  gravel  with  silt  and 
clay  lenses.  The  terraces  are  generally  shallow  and  discontinuous  with 
the  exception  of  terraces  T-23  and  T-13  to  T-I5  which  contain  a  consid- 
erable volume  of  usable  material  (see  Plate  15 )• 

The  terrace  materials  have  not  been  adequately  tested  at  this  time  and 
will  require  further  study.  Detailed  work ^as  concentrated  on  terraces  in  the 
vicinity  of  the  Chrome  dike  site  and  the  Rancheria  and  Millsite  damsites  for 
use  in  the  impervious  section. 
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stream  Alluvxvnn 

Virtually  all  usable  alluvium  is  concentrated  along  the  chan- 
nels of  Stony,  Grindstone,  and  Thomes  Creeks.  A  preliminary  estimate 
shows  that  about  2k-  million  cubic  yards  of  sand  and  gravel  are  located 
within  a  5-inile  radius  from  Rancheria  and  Millsite  damsites.  The 
Paskenta  Dam  will  utilize  the  channel  alluvium  of  Thomes  Creek  which  lies 
within  a  short  haul  distance  from  the  site.  No  large  alluvial  deposits 
are  located  near  Newville  damsite  and  the  use  of  gravel  and  sand  in  the 
dam  section  will  probably  be  confined  to  filters  and  drains  only. 

Roc kf ill  and  Riprap 

Two  sources  of  rock  to  be  used  primarily  as  riprap  have  been 
outlined  on  Plate  15 .  Quarry  areas  designated  as  QA.-1  to  QA.-3  and  QA.-7 
and  QA.-8  consist  of  Jurassic  to  Cretaceous  conglomerate  and  sandstone 
of  the  Knoxville  formation.  Potential  qiiarries  <^-h,   QA.-5,  and  QA.-6 
contain  rock  units  of  the  Franciscan  formation  rajaging  from  basic  meta- 
volcanic  rock  to  ultrabasic  intrusives.  The  location  and  the  estimated 
volumes  of  rock  available  from  the  proposed  quarry  areas  are  shown  on 
Plate  15  and  Table  7. 
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TABLE  7 

BORROW  AREAS  FOR  GLEM  RESERVOIR 
QUANTITIES  OF  MATERIALS 


Borrow  area 

:     Material 

:     Borrow     : 
:   properties   : 

Volume 
(million  yards) 

TF-1 

Tehama  Fra. 

Impervious 

198 

TP-2 

Tehama  Fm, 

Impervious 

llfl 

TF-3 

Tehama  Fm. 

Impervious 

257 

TF-k 

Tehama  Fm. 

ImperATious 

k6 

T-1  to  10 

Terrace  and 
slopewash 

Impervious 

6 

T-11  to  16 

Terrace  and 
slopewash 

Impervious 

19 

T-17  to  19 

Terrace  and 
slopewash 

Impervious 

0.5 

T-20  to  23 

Terrace  and 
slopewash 

Impervious 

12 

T-2il-  to  28 

Terrace  and 
slopewash 

Imi)ervioiis 

11 

T-29  to  32 

Terrace  and 
slopewash 

Impervious 

6 

T-33  and  3^ 

Terrace  and 
slopewash 

Impervious 

7 

G-1  to  6 

Stream  gravel 

Pervious 

IT 

G-T  and  8 

Stream  gravel 

Pervious 

2 

G-9  to  12 

Stream  gravel 

Pervious 

5 

G-1 3  and  Ik 

Stream  gravel 

Pervious 

1.8 

G-15  to  17 

Stream  gravel 

Pervious 

0.1 
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TABLE  7  (Cont.) 


Borrow 
area 

:    Type 
:  material 

:   Borrow 
:  properties 

Volume 
(cubic  yards) 

QA-1 

(W1 1 1 iams  Butte  down 

to  elevation  1,350) 

Cong!  omerate 
and  sandstone 

Weath.  zone  - 
semipervious 
Fresh  rock  - 
free  draining 

900,000 
3.5  X  10^ 

QA-1 

(elevation  1,350 

elevation  1,300) 

to 

Conglcanerate 
and  sandstone 

Fresh  rock  - 
free  draining 

1.8  X  10^ 

QA.-2 

(quarry  vertical 

depth  =  100  ft.) 

Z;one 

"A" 

)Congl  omerate 
)and  sandstone 
) 

Fresh  rock  - 
free  draining 

*Quarry 
1,000  ft 

576,000 

:        :   Max. 
:  Length  : available 
:5,000  ft:10,000  ft. 

2.88  X   5.76  X  10^ 
10° 

' 

; 

)  Shale  and 
)  fines 

) 

Fresh  rock  - 
not  suitable 
as  rock 

lM4-,000 

720,000  l.Mv  X  10° 

1 

Zione 
"B" 

) Shale  and 
)weathered 
)material 

Suitable  for 
random  f i 1 1 
zone 

200,000 

1  X  10°  2  X  10"^ 

*  Quarry  vertical  depth  =  100  ft, 

**  Zone  "B"  is  overburden  -  removal  required  to  utilize 

Znnp  "A"  -rnnk  . 

QA-3 

Same  as  QA-2 

QA-5 
OA-6 

)Meta- volcanic 
)basic  igneous 
) rocks 

) 

)Not  adequately 
)mapped  for  proper 
)  yardage  eval'jation 

QA-7 


)Appraxiinately  same  situation  as  QA-2  and  3,  hut 
)probably  higher  percent  waste  and/ or  shale  to 
)get  fresh  rock. 
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Hoclcy  Ridge 

Rocky  Ridge  is  the  narrow  ridge  which  wouXd  form  a  portion  of 
the  east  rim  of  Newville  Reservoir,  a  unit  of  "the  Gljsnn  Reservoir  Complex. 
Rocky  Ridge  extends  approximately  6  miles  in  a  north-south  direction 
between  Section  22,  T23N,  R6w,  and  Seotioaa  23,  I22M,  R6w. 

Topographic  mapping  of  the  area  is  shown  on  the  USGS  Newville 
and  Paskenta  quadrangles,  both  of  which  have  a  scale  of  1:62,^00  and  a 
contour  interval  of  50  feet.  Also,  a  Department  of  Water  Resources  map 
with  a  scale  of  l:l<-,800  and  contour  interval  of  20  feet  is  available  for 
the  ridge  and  the  reservoir. 

Background  and  Purjwse 

Part  of  the  east  rim  of  Newville  Reservoir,  or  that  part  called 
Rocky  Ridge,  is  a  narrow  hogback  ridge  formed  by  differential  erosicm  of 
steeply  dipping  layers  of  sedimentary  rocks •  Tbe   ridge  has  several  sad- 
dies  with  elevations  lower  than  the  maximum  water  surface  of  the  reser- 
voir, and  contains  other  saddles  with  elevations  only  slightly  higher 
than  the  maximum  water  surface.  All  of  these  saddles  are  on  or  between 
faults  trending  transverse  to  the  ridge.  Also,  the  ridge  is  relatively 
thin  at  the  crest  of  these  saddles.  These  features,  along  with  geologic 
mapping  and.  cross  sections  are  presented  on  Plates  l6  ani  17. 

Conceim  has  been  expressed  about  the  stability  of  the  ridge 
due  to  its  narrowness,  the  possibility  of  overlooking  significant  factors, 
and  the  great  potential  hazard  created  by  such  a  large  body  of  water  sup- 
I>orted  for  such  a  lang  distance  by  what  is  in  effect  a  natural  dam  of 
unexplored  characteristics.  Also  in  question  was  the  practicability  of 
increasing  the  stability  aal  decreasing  leakage,  in  oase  such  measures 
were  necessary. 

In  order  to  proceed  with  plans  for  Glenn  Reservoir,  it  was 
desirable  to  have  expert  opinions  on  the  feasibility  of  the  pinsject  €uid 
especially  on  the  features  of  the  east  rim.  On  May  23,  19^ >  ^  consult^ 
ing  board,  composed  of  Roger  Rhoades,  Consulting  Geologist,  and  John  S. 
Cotton,  Consulting  Eligineer,  was  convened  to  conalder  the  practical  feas- 
ibility of  constructing  the  proposed  Glenn  Reservoir.  As  stated  by  the 
board  in  their  report: 
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"The  relevant  problems  are  tour   in  nianber: 

1.  Closure  of  the  low  saddles; 

2.  Additions,  if  required,  to  maintain  the  structural  stabi- 
lity of  low  and  thin  parts  of  the  ridge; 

3.  Possible  leakage;  and 

k.     The  effect  of  wave  action  on  the  narrower  portions  of  the 
ridge  and  the  necessity  for  protection  from  wave  action." 

The  consulting  board  concluded  in  part  that: 

"1.  The  ridge  is  generally  stable,  but  if  weak  or  doubtful 
sections  are  disclosed  by  future  investigations,  they  can  be 
made  stable  without  recourse  to  extreme  or  unusual  measures. 
We  doubt  the  necessity  of  measures  to  increase  the  structural 
stability  of  the  ridge  because  even  in  the  lowest  and  thinnest 
places  the  ridge  seems  to  have  adequate  cross  section  for 
stability,  particularly  in  view  of  the  competence  of  the  rocks 
which  make  up  the  ridge. 

"2.  The  reservoir  wiH  be  generally  tight  with  no  leak- 
age occurring  except  in  zones  of  weathered,  sheared,  or  frac- 
tured rock,  and  leakage  wi3_L  be  local  and  of  no  significajit 
quantity. 

"3.  The  measures  required  to  close  the  low  gaps  in  the 
ridge  will  not  be  extraordinary  in  kind  or  difficulty. 

"k.     The  magnitude  and  effect  of  wave  action  is  a  matter 
for  further  study,  but  it  seems  probable  that  future  studies 
will  indicate  the  necessity  for  protection,  probably  by  rip- 
rap, in  some  places. 

"5.  It  is  entirely  feasible  from  the  standpoint  of 
stability  and  leakage  to  construct  the  Glenn  Reservoir  to  an 
elevation  not  to  exceed  1,000  feet,  and  that  this  can  be  done 
by  construction  measures  of  a  standard  and  precedented  kind." 

The  consulting  board  pointed  out  that  their  conclusions  were 
based  on  a  very  brief  visit  to  the  area,  and  a  study  of  an  uncompleted 
geologic  map  of  the  ridge,  without  benefit  of  any  subsurface  information. 
In  order  to  obtain  more  information  about  the  ridge,  a  diamond  drilling 
program  was  accomplished  in  i960. 

The  investigation  of  Rocky  Ridge  was  performed  to  gain  informa- 
tion on  the  distribution  and  relationship  of  the  various  rock  units  form- 
ing the  ridge,  the  faults  which  occur  in  many  of  the  saddles,  and  the 
competency  and  homogeneity  of  the  rocks  in  the  ridge.  The  structural 
stability  ajid  seejjage  characteristics  of  the  ridge  are  dejjendent  on  the 
above  conditions. 
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Scope 

The  investigation  consisted  of  geologic  mapping,  diamond  drill- 
ing in  conjunction  with  water  pressure  tests,  and  rock  testing  of  the 
core  obtained  by  diamond  drilling.  Eight  diamond  drill  holes,  with  a 
total  footage  of  1,089  feet,  were  drilled  along  the  ridge.  Since  the 
lithology  varies  considerably  in  short  distances,  it  was  decided  to  in- 
vestigate as  many  potential  problem  areas  as  possible  and  the  eight  holes 
were  drilled  in  seven  different  saddles,  one  of  which  is  a  proposed  spill- 
way site.  Two  holes  were  located  so  they  would  intersect  faults  at 
depth.  Water  pressure  tests  were  conducted  where  feasible  in  all  the 
drill  holes. 

Rock  tests,  performed  in  the  field,  consisted  of  31  unconfined 

compression  tests  and  lU  tensile  splitting  tests  on  the  core  obtained  by 

diamond  drilling.  The  tensile  splitting  tests  were  conducted  by  laying 

a  piece  of  rock  core  on  its  side  in  an  lonconfined  compression  testing 

machine,  and  loading  it  to  failvire  in  the  direction  of  its  diameter.  The 

tensile  splitting  strength,  assumed  to  be  the  true  tensile  strength,  was 

computed  as  follows: 

Tensile  strength  =     2      X  P   ^ 

3.11^  X  d  X  1    ^^^^^ 

P  is  the  load  at  rupture  and  d  and  1  the  diameter  and  length  of  the  cyl- 
inder, respectively.  The  shear  strength  was  determined  by  using  the 
tensile  strength  and  unconfined  compressive  strength  as  diameters  of  Mohrs 
circles,  and  drawing  a  straight  line  tangent  to  both  circles.  The  shear 
strength  was  assumed  to  be  the  intercept  of  the  straight  line  with  the 
"Y"  axis  (see  Figure  l).  Shear  strengths  determined  by  this  method  are 
only  approximate,  but  tests  indicate  that  the  values  found  by  this  method 
are  usual  1  y  conservative,  and  are  reasonably  close  to  the  values  found 
by  triaxial  testing.  Average  shear  strength  of  seven  sandstones  tested 
was  1,5^0  psi  and  the  average  of  six  conglomerates  was  1,^50  psi. 

A  base  map  with  a  scale  of  1  inch  to  4-00  feet  was  used  in  the 
geologic  mapping  of  the  ridge  (see  Plate  I6).  Detailed  geologic  mapping 
was  not  considered  necessary  at  this  stage  of  the  investigation,  and  the 
individual  beds  in  the  ridge  were  not  mapped.  Instead,  the  rocks  were 
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broken  down  into  units,  based  on  the  predominant  rock  type  in  each  unit, 
and  the  contacts  between  these  units  were  mapped.  Most  of  the  contacts 
are  only  approximately  located  as  there  was  not  enough  time  to  walk  out 
each  contact,  and  the  contacts  are  often  covered  by  colluvium.  Due  to 
the  lentlcxd.ar  nat\ire  of  the  beds,  and  the  many  thin  beds,  detailed 
geologic  mapping  of  the  ridge  would  be  a  very  time-consiiming  task.   (See 
the  geologic  cross  sections  through  the  drill  holes,  Plate  IT.) 

Regional  Geology 

The  proposed  Glenn  Reservoir  Complex  lies  in  the  foothills  of 
the  Coast  Ranges  geomorphic  province,  very  near  to  its  border  with  the 
Great  Valley  of  California.  The  eastern  border  of  the  Coast  Ranges  is 
characterized  by  strike-ridges  and  valleys  in  sedimentary  rock  of  Upper 
Mesozoic  age.  The  western  border  of  the  Great  Valley  is  underlain  by 
east  dipping  Cretaceous  and  Cenozoic  sedimentary  rocks  which  form  a 
deeply  buried  synclinal  troiigh  lying  beneath  the  Great  Valley  along  its 
western  side. 

Relief  in  the  reservoir  is  low,  with  broad  valleys  between 
strike-ridges  composed  of  steeply  dipping  resistant  rocks.  To  the  west 
of  the  reservoir,  the  Coast  Ranges  rise  steeply  to  over  7>C)00  feet  on 
the  drainage  divide  between  the  Sacramento  River  emd  the  Eel  River. 

Geologic  formations  in  the  area  include,  from  west  to  east, 
the  Franciscan  formation  of  Jurassic  age,  the  Knoxville  formation  of 
Upper  Jurassic  and  possibly  Lower  Cretaceous  age,  and  the  Paskenta  and 
Horsetown  fonnations  and  the  Chico  group,  all  of  Cretaceous  age.  To  the 
east  of  the  reservoir,  unconformably  overlying  some  of  these  formations, 
is  the  Tehama  formation  of  Pliocene  to  Pleistocene  age. 

The  Franciscan  formation  lies  to  the  west  of  the  reservoir. 
Rocky  Ridge  is  probably  in  the  Knoxville  formation,  near  its  contact  with 
the  Paskenta  formation.  Rock  types  in  the  reservoir  are  all  sedimentary 
and  include  mudstone,  sandstone,  and  conglomerate,  dipping  steeply  to  the 
east.  In  places,  the  bedrock  is  overlain  by  flat-lying  terraces  of  clayey 
gravels.  To  the  east  of  the  reservoir,  the  rock  tyi)es  and  structure  are 
essentially  the  same,  but  the  beds  are  unconformably  overlain  by  the 
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Tehama  formation  which  dips  to  the  east  at  about  3  degrees.  The  Tehama 
formation  is  an  alluvial  deposit  and  consists  of  sandy,  clayey  gravels 
of  varying  gradation,  uncemented  but  well  consolidated.  It  is  the  prime 
source  of  construction  materials  for  the  dams  associated  with  the  project. 

A  major  faiolt,  now  inactive,  occurs  a  short  distance  to  the 
west  of  the  reservoir.  It  trends  nearly  north-south  and  roughly  follows 
the  contact  between  the  Franciscan  and  Knoxville  formations.  Another 
large  inactive  faiiLt  occurs  about  2  miles  north  of  Rocky  Ridge.  It  trends 
northwest -southeast  and  passes  close  to  the  small  town  of  Paskenta. 
There  are  many  other  faxolts  in  the  reservoir  area  and  across  Rocky  Ridge, 
but  they  are  all  relatively  minor  and  none  are  active. 

Geology  of  the  Ridge 

Structure.  Rocky  Ridge  is  a  narrow  hogback  ridge  composed  of 
steeply  dipping  resistant  beds  of  conglomerate  and  sandstone  interbedded 
with  less  resistant  beds  of  mudstone  (see  Plate  l6).   (The  term  "mudstone" 
is  used  here  to  include  all  those  rocks  which  are  finer  grained  than  sand- 
stone. In  places  this  "mudstone"  is  actually  a  silt stone,  a  shale,  or  a 
claystone . )  The  ridge  is  part  of  an  eastward  dipping  homocline  in  which 
the  beds  dip  rather  uniformly  at  about  60  to  80  .  The  ridge  trends 
nearly  north- south,  but  faults  have  offset  portions  of  the  ridge  and  the 
beds  usually  strike  about  10.0  to  20*1^.   (See  Plate  l6, )  The  variation 
in  the  attitude  of  the  beds  is  due  to  both  the  faults  and  the  lenticular 
nature  of  many  of  the  beds. 

The  highest  elevation  on  the  ridge  is  1,320  feet,  and  the  lowest 
is  600  feet  in  the  stream  channel  at  Newville.  A  profile  along  the  crest 
of  the  ridge  is  xmeven  and  shows  high  points  separated  by  saddles.  Some 
of  the  saddles  are  below,  and  some  only  slightly  above,  the  originally 
planned  maximum  water  surface  elevation  of  96O  feet.  The  crest  of  the 
ridge  is  rather  sharp,  and  the  ridge  is  thin  in  the  low  saddles  at  an 
elevation  of  9^0  feet. 

The  sides  of  the  ridge  have  approximately  the  same  slopes.  On 
the  upper  part  of  the  ridge,  the  maaimimi  slope  is  about  Is^l^  with  an 
average  close  of  2^:1.  Partway  do\m  the  ridge  this  slope  gradually 
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flattens  to  about  ^4-:!,  then  farther  dovm,  near  the  base  of  the  ridge,  the 
slope  becomes  considerably  flatter.  This  lower  break  in  slope  is  at 
different  elevations  on  different  parts  of  the  ridge.  Near  Newille, 
the  break  is  at  about  TOO  feet  elevation,  but  it  is  at  higher  elevations 
to  the  north  and  south  of  Newville.  In  the  Newville  area,  the  ridge  is 
thinner  to  a  lower  elevation,  and  therefore  less  stable,  than  any  other 
portion  of  the  ridge. 

Rock  Units.  Five  different  rock  units  were  mapped  across  the 
ridge.  They  are:   (l)  raudstone,  (2)  sandstone  with  conglomerate,  (3) 
conglomerate  with  sandstone,  (k)   sandstone  with  conglomerate,  and  (5) 
mudstone  (see  Plate  l6).  Units  2,  3j  and  k  make  up  the  central  portion 
of  the  ridge  and  the  mudstone,  units  1  and  5  occur  on  each  side. 

Conglomerate .  The  central  portion  of  the  ridge  is  composed 
predominantly  of  conglomerate  beds  and  sandstone  beds  sandwiched  together 
into  one  thick  section.  The  individual  conglomerate  beds,  many  of  which 
are  lenticular  in  shape,  differ  considerably  in  their  physical  character- 
istics. Some  are  very  coarse-grained  with  cobbles  up  to  12  inches  in 
diameter,  while  others  are  finer-grained  with  pebbles  no  larger  than  3  or 
k  millimeters.  Most  beds  are  well  cemented  and  hard  and  fresh  a  short 
distance  below  the  ground  surface,  but  a  few  others  are  poorly  cemented, 
have  low  strength,  and  are  deeply  weathered.  Although  the  individual 
beds  in  the  center  of  the  ridge  differ  considerably  in  their  physical 
properties,  when  considered  together  as  a  thick  section  they  make  a 
strong,  competent  rock  unit. 

The  conglomerate  weathers  to  a  brown  color,  but  when  fresh  it 
is  predominantly  gray  with  vari-colored,  usually  well-rounded  pebbles  of 
chert,  volcanics,  greenstone,  and  other  minor  rock  types.  The  conglom- 
erate contains  considerable  sand  and  silt-sized  particles,  and  is  cemented 
with  argillaceous  material  and,  in  places,  some  calcium  carbonate. 

Based  on  the  results  of  water  pressure  tests  and  the  appearance 
of  the  core,  it  is  believed  that  the  conglomerate  is  usually  only  slightly 
fractured  beneath  the  weathered  zone.  The  core  shows  many  old  fractures 
which  have  been  tightly  healed  with  calcite.  There  are  a  few  open 
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fractures  in  the  fresh  rock,  as  shown  by  staining  on  the  fractures  and 
high  water  loss  during  water  pressure  tests. 

The  conglomerate  is  the  most  resistant  rock  type  in  the  ridge, 
but  it  is  usually  not  as  strong  as  the  sandstone.  Seventeen  unconfined 
compression  tests  on  unweathered  conglomerate  core  showed  an  average 
strength  of  8,750  psi.  The  lowest  strength  of  the  samples  tested  was 
^+,500  psi.  Six  tensile  splitting  tests  were  performed  on  the  conglom- 
erate core.  These  were  plotted  against  the  corresponding  unconfined 
compressive  strength,  and  the  average  shear  strength  of  the  six  samples 
was  found  to  be  l,'4-50  psi.  The  lowest  shear  strength  fotmd  was  1,100  psi. 

Sandstone .  Sandstone  occurs  throughout  the  ridge,  but  it  is 
much  more  prevalent  in  the  central  portion,  or  that  portion  composed  of 
rock  units  2,  3?  and  k.     It  occiirs  in  beds  which  are  often  20  to  30  feet 
thick  but  the  thickness  of  the  individual  beds  varies  in  short  distances, 
and  they  tend  to  wedge  out  along  the  strike.  Within  the  thick  sections, 
bedding  is  usually  very  faint  or  not  visible  at  all.  Bedding  ixLanes 
between  the  sandstone  and  other  rock  types,  as  observed  in  the  core,  are 
commonly  tight  and  impervious.  The  contacts  are  usually  gradational  and 
not  well-defined  bedding  planes. 

The  sandstone  is  generally  lightly  f  ractvired  below  the  weath- 
ered zone.  The  core  shows  many  old  fractures  that  have  been  cemented 
with  calcite.  Some  open,  strained  fractures  were  observed  in  the  core, 
but  they  are  few  in  number. 

The  sandstone  varies  in  grain  sizes  from  very  fine-grained  up 
to  coarse-grained,  with  the  fine-grained  type  predominating.  The  cosu:se- 
grained  samdstone  is  usually  the  stronger  of  the  two  types,  but  essenti- 
ally «n  sandstone  samples  tested  had  moderate  to  high  strength. 

Fourteen  unconfined  compression  tests  on  unweathered  sandstone 
core  indicated  an  average  strength  of  11,850  psi.  The  lowest  strength 
of  those  samples  tested  was  5>700  psi.  The  results  of  seven  tensile 
splitting  tests  were  plotted  against  the  corresponding  unconfined  com- 
pressive strength,  and  the  average  shear  strength  was  found  to  be  1,5^0 
psi.  The  lowest  shear  strength  found  was  85O  psi. 
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Mudstone.  The  niudstone  usixally  occurs  on  the  flanks  of  the 
ridge  on  each  side  of  the  sandstone  and  conglomerate  units  but  it  is 
occasionally  interbedded  with  the  sajidstone  and  conglomerate.  In  some 
places  faxilts  have  displaced  the  beds  so  that  the  mudstone  occurs  near 
the  crest  of  the  ridge. 

The  mudstone  is  gray,  soft,  and  usually  shows  bedding.  It  con- 
tains small  amounts  of  sand  (about  15  percent  or  less),  and  often  alter- 
nates with  thin  beds  of  very  fine-grained  seindstone.  As  the  amount  of 
sand  in  the  mudstone  increases,  the  strength  of  the  mudstone  also  increases. 
The  mudstone  core  commonly  slakes  to  small  angular  fragments  upon  drying, 
but  this  tendency  to  slake  is  reduced  as  the  amount  of  sand  in  the  mud- 
stone increases.  Outcrops  of  mudstone  show  slaking  to  a  depth  of  about 
1  foot  or  less. 

The  strength  of  the  mudstone  was  not  determined  by  testing  be- 
cause of  its  slaking  tendency.  In  order  to  perform  rock  tests  on  the 
mudstone  core,  extra  care  and  preparation  of  the  core  is  necessary. 

Faults .  Numerous  faiilts  with  strikes  varying  between  N50  E 
and  S60°E  cut  Rocky  Ridge.  The  dips  of  the  faults  are  difficult  to 
determine,  but  they  are  probably  an  steep  as  the  fault  traces  tend  to 
follow  nearly  straight  lines.  The  apparent  displacement  along  the  faults 
varies  from  about  8OO  feet  to  less  than  a  few  feet. 

The  fault  zones  which  were  observed  are  narrow,  and  it  is 
believed  that  all  fault  zones  in  the  ridge  are  narrow,  probably  less 
than  10  feet  wide.  A  hole  drilled  through  a  fault  with  an  apparent 
displacement  of  about  8OO  feet  showed  a  fault  zone  only  3  to  4  feet  wide 
at  that  point.  The  point  of  intersection  of  the  drill  hole  with  the 
fault  zone  was  in  conglomerate,  and  the  zone  may  be  wider  in  less  compe- 
tent rock.  Fault  zones  can  be  observed  in  the  channel  at  Kewvllle,  and 
the  gouge  in  these  zones  is  less  than  10  feet  in  width. 

The  favilts  are  believed  to  be  quite  tight,  and  are  not  expected 
to  be  a  cause  of  any  significant  leakage  through  the  ridge.  However, 
only  a  few  of  the  many  faults  in  the  ridge  were  investigated  by  drill 
holes,  and  the  core  recovery  was  poor  in  some  on  the  zones.  It  is 
possible  that  some  of  the  faults  may  permit  leakage  from  the  reservoir. 
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More  exploration  by  adits,  drilling,  water  testing,  and  trenching  is 
needed  before  a  positive  conclusion  can  be  made.  If  some  of  the  faults 
should  leak  sifter  filling  the  reservoir,  the  stability  of  the  ridge 
would  not  be  impaired,  and  remedial  measures  could  be  accomplished  with 
water  in  the  reservoir. 

Stability  of  Rocky  Ridge 

Since  the  ridge  is  relatively  thin,  and  concern  has  been  expres- 
sed about  the  possibility  of  its  failure,  the  factors  contributing  to  its 
stability  as  well  as  possible  causes  of  instability  should  be  analyzed. 

There  are  three  possibilities  to  consider  in  ajialyzing  condi- 
tions which  could  cause  failure: 

1.  Assuming  that  the  entire  ridge  is  impervious,  do  all 
portions  of  it  have  sufficient  stability  to  resist  failure  by 
sliding? 

2.  If  the  ridge  is  not  impervious,  does  a  permeable  lay- 
er or  lens  occ\ir  in  the  ridge  along  which  hydrostatic  pressure 
could  develop  and  cause  a  slide  or  blowout  on  the  downstream 
side  of  the  ridge? 

3.  Are  fractiires  present  along  which  hydrostatic  pres- 
siire  could  develop  and  cause  failure? 

Failiire  due  to  piping  is  not  considered  to  be  a  possibility 
since  most  of  the  beds  which  form  the  ridge  are  well  cemented.  The 
occasional  poorly  cemented  beds  which  occtir  in  the  ridge  are  sandwiched 
between  well  cemented  beds. 

If  it  is  assumed  that  there  are  no  pervious  beds  in  the  ridge, 
and  that  in  order  for  failure  to  occur  a  section  crossing  the  entire 
ridge  would  have  to  slide,  the  ridge  is  obviously  stable.  Topographic 
cross -sections  show  that  even  the  thinnest  saddles  in  t  he  ridge  have 
sufficient  cross  section  to  resist  failure  by  sliding  if  the  entire 
ridge  is  impervious. 

If  the  entire  ridge  is  not  impervious  and  hydrostatic  pressure 
could  develop  in  some  pervioiis,  confined  bedding  in  the  ridge,  failure 
could  occur  if  the  rock  at  that  point  had  insiifficient  strength  emd  mass 
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to  resist  the  hydrostatic  pressure.  The  core  from  the  drill  holes  and 
the  geologic  mapping  indicate  that  the  bedding  plsmes  are  tight  and 
impervious,  and  that  there  are  no  pervious  beds  in  the  ridge.  The  three 
rock  types  which  comprise  the  ridge  are  essentially  impervious  and  any 
permeability  will  be  "fracture  iJermeability" .  However,  only  a  few  holes 
were  drilled  in  the  8  miles  of  ridge  and  it  is  possible  that  there  may 
be  a  pervious  lens  or  bed  somewhere  in  that  length.  Therefore,  an 
attempt  was  made  to  analyze  the  stability  of  the  ridge  assuming  a  ^rv- 
ious  bed  exists.  A  sliding  wedge  analysis  of  the  shear-friction  factor 
of  safety  against  sliding  of  the  wedge  downstream  of  the  assumed  pervious 
bed  was  made  in  several  of  the  thinner  portions  of  the  ridge  (see  Figure  2). 
The  following  assumptions  were  used:   (l)  the  pervious  bed  is  completely 
confined  so  that  the  full  hydrostatic  pressure  is  tending  to  slide  the 
wedge,  (2)  a  reservoir  elevation  of  950  feet,  (3)  uplift  on  the  wedge  is 
equal  to  f\ill  reservoir  head  at  the  heel  diminishing  in  a  straight  line 
to  zero  uplift  at  the  toe,  (14-)  coefficient  of  friction  of  0.7,  and 
(5)  shear  strength  of  200  psi,  the  estimated  strength  of  the  mudstone. 
The  lowest  factor  of  safety  fo\md  was  over  8,  with  these  assvmiptions . 

These  values  for  the  factor  of  safety  against  sliding  are 
based  partially  on  assumptions,  but  they  are  considered  to  be  conserva- 
tive. The  assumed  shear  strength  is  obviously  conservative.  The  tested 
shear  strengths  of  the  sandstone  and  the  conglomerate  average  about 
1,500  psi,  and  only  200  psi  was  used  in  the  analyses.  The  assiiraption 
for  uplift  is  probably  also  consemratlve.  The  assumed  coefficient  of 
friction  (O.7)  is  believed  to  be  close  to  the  actual  value,  but  it  may 
be  conservative.  In  order  to  make  more  exact  estimates,  detailed  mapping 
of  thin  portions  of  the  ridge  will  be  necessary  so  that  the  correct  shear 
strength  can  be  used  for  each  location.  It  would  also  be  necessary  to 
determine  the  shear  strength  of  the  other  rock  types,  and  the  coefficient 
of  friction  would  have  to  be  determined  by  testing. 

In  regard  to  the  occxirrence  of  fractures  along  which  unsafe 
hydrostatic  pressure  could  develop,  no  factor  of  safety  was  computed  as 
the  orientation  and  continiiity  of  fractures  cannot  be  determined  with 
certainty.  However,  for  an  unsafe  condition  to  develop,  the  fractures 
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woxold  have  to:   (l)  have  an  attitude  such  that  the  strike  wcmld  nearly 
parallel  the  ridge  so  that  the  fracture  woxild  not  daylight  and  allow 
the  pressure  to  be  relieved;  (2)  intersect  the  reservoir  near  its  maxi- 
mum elevation,  and  have  a  dip  flatter  than  60  ,  the  assumed  angle  of  the 
pervious  bed  for  which  stability  computations  have  been  made;  and  (3)  be 
watertight  in  order  for  the  maximum  hydrostatic  head  to  develop  in  it. 
These  are  essentially  the  same  conditions  assumed  for  the  pervious  bed. 

The  same  forces  which  caused  faulting  in  the  ridge  also  undoubt- 
edly caused  fract\iring,  and  it  therefore  is  likely  that  many  of  the 
fractvires  produced  by  these  forces  have  attitudes  similar  to  the  faults. 
All  the  faults  mapped  on  the  ridge  are  transverse  to  it.  None  were  found 
parallel  to  the  ridge.  Also,  when  stratified  rocks  are  jointed,  one  joint 
set  is  perpendicular  or  nearly  so  and  the  beds  are  nearly  parallel  to  the 
ridge.  It  therefore  seems  nearly  certain  that  any  fractures  parallel  to 
the  ridge  would  be  intersected  by  transverse  fractures  which  woiold  drain 
them  and  prevent  the  development  of  high  hydrostatic  pressures  within 
the  parallel  fractures.  In  view  of  the  requirements  for  the  attitude  and 
structure  of  fractures  so  that  unsafe  pressures  coiild  develop  in  them, 
the  possibility  of  their  existence  seems  very  remote. 

It  is  concluded  that  all  portions  of  the  ridge  have  adequate 
stability  to  withstand  the  pressure  of  a  reservoir  at  an  elevation  of  at 
least  950  feet. 

Leakage 

Water  tests  indicate  that  all  three  rock  types  in  the  ridge  are 
inherently  impervious,  and  for  any  leakage  to  occur,  water  mast   pass 
through  the  fractures  in  the  rock.  The  core  from  the  drill  holes  shows 
many  old  fractures  tightly  cemented  with  calcite,  and  only  occasional 
open  fractures.  The  oi)en  fractures  are  easily  recognized  as  they  are 
usually  stained  from  the  passage  of  water.  Occasionally  during  drilling 
nil  return  water  was  lost  and  an  open  stained  fracture  could  be  observed 
in  the  core  from  that  depth.  During  water  tests,  the  greater  water  loss 
occurred  in  the  top  of  the  holes  where  weathering  had  opened  fractures. 
Some  of  the  water  losses  in  the  weathered  zone  were  as  high  as  35  gpm  in 
a  13-foot  zone  with  a  pressure  of  80  psi. 
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It  was  rioted  that  some  of  the  fractiires  which  took  considerable 
water  at  the  start  of  a  test  tended  to  fill  up,  and  the  flow  diminished 
steadily  during  the  test.  In  some  holes,  an  artificial  artesian  condi- 
tion was  developed  by  the  water  test,  and  most  of  the  water  came  back 
from  the  hole  when  the  packer  was  released.  This  indicates  that  some 
of  the  open  fractiires  are  not  connected  and  could  not  contribute  to  any 
leakage  through  the  ridge. 

In  hole  RR-8  (see  Plate  l6),  artesian  water  was  encountered  at 
about  65  feet  and  a  small  amovunt  (less  than  1  gprn)  now  seeps  out  of  the 
hole.  Minor  seeps  and  springs  occur  along  the  ridge,  showing  that  there 
are  fract\ires  which  do  transmit  water.  Many  of  these  seeps  occur  near 
faults.  The  water  is  probably  transmitted  through  fractures  which  were 
caused  or  opened  by  movement  along  faults  and  does  not  necessarily  indi- 
cate that  the  faults  are  pervious.  Although  these  fractures  do  exist, 
it  is  believed  that  they  will  not  permit  any  significant  leakage  through 
the  ridge.  In  the  event  that  leakage  does  occur  through  these  fractures, 
it  is  doubtful  that  this  would  affect  the  stability  of  the  ridge,  and 
remedial  action  could  be  taken  after  filling  of  the  reservoir. 

The  most  likely  place  for  leakage  to  occur  is  believed  to  be 
in  low  saddles  where  the  water  surface  closely  approaches  the  crest  of 
the  ridge.  In  these  areas  the  path  of  percolation  is  short  and  may  not 
encoiinter  fresh  rock.  For  example,  the  saddle  in  which  RR-5  was  drilled 
has  a  crest  elevation  of  967  feet  (refer  to  Plates  I6  and  I7).  Assxjming 
a  reservoir  elevation  of  950  feet,  the  path  of  percolation  through  the 
ridge  at  this  point  is  only  125  feet  long,  through  soil  and  weathered 
rock.  At  an  elevation  of  930  feet,  the  path  would  be  about  200  feet  long, 
and  still  would  not  encounter  any  fresh  rock.  When  the  freeboard  with 
the  crest  of  the  ridge  is  less  than  about  30  feet,  the  path  of  percola- 
tion through  the  ridge  at  this  point  is  only  125  feet  long,  throiigh 
soil  and  weathered  rock.  At  an  elevation  of  930  feet,  the  path  woxild  be 
about  200  feet  long,  and  still  woiold  not  encounter  £iny  fresh  rock.  When 
the  freeboard  with  the  crest  of  the  ridge  is  less  than  about  30  feet, 
the  path  of  percolation  often  will  not  intersect  fresh  rock.  Excessive 
leakage  might  occur  through  the  ridge  where  the  relatively  high  permeability 
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of  the  weathered  rock  and  the  short  path  of  percolation  exist.  Each  low 
saddle  will  reqioire  detailed  investigation,  but  in  general,  it  is 
believed  that  some  cutoff  may  be  needed  where  the  freeboard  is  less  than 
about  30  feet.  Cutoff  coiild  probably  best  be  provided  by  a  grout  c\irtain. 

Roger  Rhoades,  Consulting  Geologist,  has  stated  that  relief 
wells  -  presumably  to  localize  and  enable  channeling  of  any  leakage  - 
could  take  care  of  any  leakage  in  these  areas,  should  it  occvir.  He 
suggested  this  method  as  he  was  doubtful  that  grouting  woiold  be  effective. 

The  existing  Stony  Gorge  Dam,  located  within  the  Glenn  Reser- 
voir area,  is  built  in  a  gap  in  a  hogback  ridge  which  is  similar  in 
lithology  to  Rocky  Ridge.  There  is  a  difference  in  location  as  related 
to  the  dip  of  the  beds  however,  as  the  beds  dip  upstream  at  Stony  Gorge. 
Also,  the  Stony  Gorge  Reservoir  does  not  as  closely  approach  the  ridge 
top  as  would  Glenn  Reservoir.  However,  there  is  an  analogy  between  the 
two  reservoirs  and  there  has  been  no  problem  with  leakage  through  the 
ridge  at  Stony  Gorge  Reservoir.  The  difference  in  the  dip  of  the  beds 
in  relation  to  the  reservoirs  should  not  affect  the  leakage,  as  the 
bedding  planes  in  the  rock  at  Rocky  Ridge  are  generally  tight  and  will 
not  traonsmit  water. 

Grouting 

The  foundation  preparation  for  Stony  Gorge  Dam  included  pres- 
sxire  grouting.  This  involved  the  drilling  of  I60  holes  at  spacings 
ranging  from  4  to  7  feet  in  a  single  line  in  the  bottom  of  the  cutoff 
trench.  The  depths  of  the  holes  varied  from  I8  to  40  feet.  The  holes 
were  grouted  at  pressures  of  90  to  100  psi,  and  only  five  holes  took 
more  than  three  sacks  of  cement  each.  The  other  155  holes  averages 
less  than  one  sack  each  -  little  more  than  enough  to  fill  the  hole  and 
grout  pipe.  Nothing  is  known  about  the  ratio  of  water-to-cement  used  in 
the  grouting  program.  Grouting  was  performed  only  in  fresh  rock,  and 
the  rock  was  probably  conglomerate.  It  may  be  that  weathered  rock,  or 
the  mudstone  or  sandstone  will  accept  more  grout. 

The  consultants  stated  in  their  report  that: 
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"...  excluding  the  zones  of  opened  joints^  shearing, 
and  faulting,  we  believe  that  grouting  will  be  unnecessary  and, 
in  many  cases,  ineffective.  Saiae   grouting  may,  in  the  light  of 
more  detailed  investigations,  prove  to  be  necessary  in  distiurbed 
or  weathered  rocks,  but  if  so,  it  will  be  sharply  localized  in 
small  areas,  and  no  large  quantity  of  grout  will  be  required  at 
any  one  place.   It  may  well  be  that  no  grouting  whatever  will  be 
required  even  in  these  locations,  but  decisions  in  this  regard 
will  have  to  await  drilling  and  pressure  testing." 

Water  pressure  tests  and  the  presence  of  open  fractures  in  the 
core  indicate  that  much  of  the  rock  can  be  effectively  grouted.  Water 
loss  in  some  zones  was  as  high  as  35  gpia  a^  80  psi  over  a  13-foot  zone. 
The  highest  water  loss  occurred  in  the  weathered  zone,  and  this  is  the 
zone  that  may  need  grouting  in  the  low  saddles.  Many  of  the  fractures, 
especially  in  the  weathered  zone,  contain  clay  which  will  reduce  the 
effectiveness  of  the  grouting.  However,  if  a  thin  grout  is  used  and 
the  holes  are  closely  spaced  (5  feet  or  less  between  holes)  it  is  be- 
lieved that  the  saddles  can  be  effectively  grouted.  'The  grout  take  is 
expected  to  be  low. 

Most  of  the  faults  in  the  ridge  are  steep  and  strike  about 
north-east,  and  it  is  assumed  that  many  of  the  fractures  will  have  about 
the  same  attitude.  Fraxitures  with  attitudes  approximately  perpendicular 
to  the  strike  of  the  ridge  could  also  be  a  cause  of  leakage.  Therefore, 
the  bearing  and  inclination  of  the  grout  holes  should  be  about  parallel 
to  the  ridge  and  80  or  less,  respectively.  This  should  ens;are  that 
grout  holes  cross  any  fractures  which  could  be  a  source  of  leakage. 

Ridge  Protection 

Several  low  saddles,  underlain  mostly  by  mudstone,  will  have 
freeboards  of  less  than  20  feet.  The  mudstone  slakes  in  air  and  will 
erode  quite  readily.  These  low  saddles  will  probably  require  protection 
from  wave  action.  Riprap  appears  to  be  the  best  method  of  protection. 

Only  the  upper  part  of  the  ridge  would  need  protection,  but  the 
riprap  would  roll  down  the  steep  slopes  unless  supported  fram  below.  It 
could  be  supported  by  placing  the  riprap  from  the  base  of  the  ridge  up  to 
the  crest,  but  this  would  require  a  great  deal  of  material.  An  alterna- 
tive may  be  to  cut  a  bench  into  fresh  rock  part  way  down  the  slope  and 
place  the  riprap  upward  from  the  bench. 
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Wherever  the  freeboard  is  less  than  about  30  feet,  the  area 
should  be  investigated  to  determine  whether  or  not  riprap  is  needed.  In 
areas  where  the  waves  will  impinge  upon  unweathered  conglomerate  or  sand- 
stone, riprap  will  not  be  necessary,  \-rhere  thin  portions  of  the  ridge 
consist  of  mudstone  it  will  probably  be  necessary  to  protect  the  ridge 
from  erosion  by  wave  action. 

The  consultants  suggested  that  the  riprap  could  be  installed 
and  maintained  most  economically  by  barge  as  the  reservoir  filled. 

Closure  of  Saddles  in  Ridge 

At  least  two  saddle  dams  will  be  required  if  the  reservoir  is 
filled  to  960  feet.  The  saddle  at  Burrows  Gap,  where  the  ELk  Creek- 
KewviHe  road  crosses  the  ridge,  will  require  a  dam  about  120  feet  high 
ajid  800  feet  long.  The  first  saddle  south  of  Newville  damsite  will  re- 
quire a  dam  at  least  k^   feet  high  and  ^4-00  feet  long. 

At  Burrows  Gap  the  sides  of  the  ridge  slope  downward  from  the 
crest  of  the  gap  at  about  15:1  or  flatter.  The  topography  appears  to  be 
best  suited  for  an  earthfill  dam.  Construction  materials,  except  for  rip- 
rap, are  available  within  2  miles.  The  riprap  would  have  to  be  hauled 
about  5  miles. 

Stripping  depths  will  probably  average  about  10  feet  under  the 
impervious  section.  Some  minor  dental  work  may  be  required  where  an  old 
fa\jlt  crosses  the  gap.  Grouting  will  be  needed  under  the  impervious  sec- 
tion and  also  the  crest  of  the  thin,  low  ridge  extending  outward  from  the 
ends  of  the  dam. 

In  the  saddle  south  of  Newville,  the  crest  of  the  ridge  is  not 
wide  enough  for  an  earthfill  dam  35  feet  high  without  part  of  the  dam 
extending  down  the  side  of  the  ridge.  In  this  saddle,  a  concrete  gravity 
dam  could  probably  be  built  more  economically  than  an  earthfill  dam.  A 
hole  was  drilled  in  the  crest  of  the  saddle  (see  Plates  I6  and  1"]) ,   and 
the  foundation  appears  to  be  suitable  for  a  concrete  gravity  dam.  The 
core  showed  weathering  to  a  depth  of  38  feet.  Stripping  depths  are  esti- 
mated to  average  about  20  feet,  and  some  dental  work  will  be  required. 
Water  loss  during  pressure  tests  was  high,  and  grouting  beneath  the  dam 
and  on  the  crest  of  the  ridge  at  the  ends  of  the  dam  woiJld  probably  be 
necessary. 
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There  are  two  other  saddles  in  the  ridge  with  crest  elevations 
at  about  950  feet.  These  would  reqiiire  low  dikes  to  provide  some  free- 
board, but  the  ridge  at  these  locations  is  relatively  wide.  Low  earth- 
fill  dikes  can  be  built  in  these  saddles.  " 

Conclusions 

Based  on  limited  diamond  drilling  and  geologic  mapping,  the 
following  conclusions  about  Rocky  Ridge  have  been  made. 

1.  The  ridge  has  sufficient  stability  to  withstand  the  force 
exerted  by  a  reservoir  with  a  maximum  water  surface  at  an  elevation  of 
at  least  950  feet.  The  reservoir  could  probably  be  raised  safely  to  an 
elevation  of  1,000  feet,  but  the  thin  portions  of  the  ridge  should  be 
reevaluated  for  stability,  and  several  more  saddle  dams  would  be  required. 

2.  No  significant  leakage  from  the  reservoir  will  occur  if  the 
crests  of  the  low,  thin  portions  of  the  ridge  are  grouted.  Grouting  may 
be  necessary  where  the  freeboard  is  less  than  about  30  feet.  The  n\jmer- 
ous  faults  are  not  expected  to  be  a  cause  of  significant  leakage,  but  if 
some  of  them  do  leak  excessively,  it  win  not  affect  the  stability  of  the 
ridge  and  the  leakage  can  be  corrected  after  the  reservoir  is  filled. 

3.  Grout  take  will  probably  be  low  and  holes  will  need  to  be 
closely  spaced  to  ensure  effective  cutoff. 

k.     Where  the  freeboard  with  the  ridge  crest  is  less  than  about 
30  feet,  the  upper  part  of  the  ridge  may  need  protection  from  wave  action. 
ItLprap  appears  to  be  the  best  method  of  protection. 

5.  Where  saddle  dams  must  be  placed  on  narrow  portions  of  the 
ridge,  concrete  structures  may  be  more  economical  than  fill-type  struc- 
tures. Only  one  concrete  saddle  dam  wo\ald  be  required  if  the  reservoir 
elevation  does  not  exceed  9^0  feet. 

6.  An  earthfill  dam  will  be  the  most  suitable  type  in  the  sad- 
dle at  Burrows  Gap.  Construction  materials,  except  for  riprap,  are  avail- 
able within  2  miles  of  this  saddle. 

Recommendations 

Additional  exploration  is  required  prior  to  construction.  The 
following  recommendations  are  made  in  regard  to  the  types  of  exploration 
needed : 
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1.  Detailed  geologic  mapping  of  the  ridge,  especially  the  low, 
narrow  portions. 

2.  Biolldozer  or  hackhoe  cuts  in  the  crests  of  several  low  sad- 
dles. Some  of  the  cuts  should  intersect  fault  zones. 

3.  Tests  to  determine  the  permeability  of  the  weathered  rock 
in  saddles  where  the  path  of  percolation  does  not  intercept  fresh  rock. 
This  should  show  whether  or  not  grouting  or  relief  wells  will  be  necessary 
in  the  low,  thin  saddles. 

k.     A  test  grouting  program  to  determine  the  effectiveness  of 
grouting  and  the  required  spacing  of  grout  holes. 

5.  At  least  one  adit  into  the  ridge  near  the  Newville  area. 
The  adit  shoiild  be  located  on  the  reservoir  side  and  directed  so  it  will 
intersect  a  fault  zone  at  depth. 

6.  Rock  testing  to  determine  the  shear  strength  of  the  mud- 
stone  . 
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CHAPTER  IV.  UPPER  EEL  RIVER  PROJECTS 

The  engineering  geology  of  principal  project  features  on  the 
upper  Eel  River  are  discussed  in  this  chapter.  Featured  projects  shown 
on  Plate  1  include  English  Ridge  Dam  and  Reservoir  and -Gaj-rett-  Tunnel-. 
The  geology  of  Soda  Creek  Tunnel  which  would  divert  water  to  Putah-  Creek 
is  also  presented.  Geologic  maps,  cross  sections, ^and  location  of  jon- 
struction  materials  for  these  projects  are  presented  on  Plates  l8  through 
21. 

Several  other  damsites  on  the  upper  Eel  River  were  also  studied, 
but  generally  in  less  detail  than  English  Ridge  damsite.  Geologic  data 
on  these  sites,  including  Garcey  Ranch,  Marshall,  Willis  Ridge,  and 
Presley  Ranch  appear  in  Table  9  a-'t  the  end  of  this  chapter. 
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English  Ridge  Damsite 

En&Lisla  Ridge  damsite  on  the  upper  Eel  River  lies  in  the  SE-^- 
of  Section  6,  T19N,  R12W.  MDB  &  M.  The  axis  of  the  proposed  dam  is 
located  about  1,300  feet  downstream  from  the  confluence  of  the  Eel  River 
and  Old  Woman  Canyon.. 

Access  to  the  site  is  via  Berry  Canyon  Road  to  the  SE-g-  of 
Section  8,  and  then  via  an  abandoned  logging  road  to  the  left  abutment 
of  the  site. 

General  topography  of  the  site  is  shown  on  the  USGS  15-minute 
Eden  Valley  quadrangle  with  a  scale  of  1:62^500  and  a  contour  interval 
of  100  feet.  Reconnaissance  geologic  mapping  was  done  on  a  Department 
of  Water  Resources  map  with  a  scale  of  1  inch  =  400  feet  and  a  contour 
interval  of  20  feet. 

Description  of  Project 

The  English  Ridge  Dam  would  be  part  of  the  Clear  Lake  Diver- 
sion Project  which  includes  features  on  the  Middle  Fork  Eel  River  and 
Garrett  and  Soda  Creek  Tunnels. 

The  proposed  535-foo'fc  high  earth-  and  rockfill  dam  at  the 
English  Ridge  site  woiiLd  create  a  reservoir  with  an  approximate  storage 
capacity  of  1,800,000  acre-feet  at  a  normal  water  surface  elevation  of 

1,695. 

An  uncontrolled  chute  spillway  will  be  located  across  a  narrow 
ridge  above  the  right  abutment,  terminating  in  a  flip  bucket  which  will 
discharge  into  the  stream  channel  about  1,500  feet  downstream  frcin  the 
toe  of  the  dam  about  750  feet  from  the  outlet  t\mnel  portal. 

Three  crest  elevations  were  considered  --  1,711,  1,670,  and 
1,570.  Preliminary  statistics  for  the  three  j^ans  are  presented  below. 
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Engineering  Statistics 
English  Ridge  Dam  and  Reservoir 


Crest  Elevations 

1,711   I    1,670   I   1,^70 


Normal  water  surface  elevation 

Maximum  water  surfaxie  elevation 

Minimum  water  surface  elevation 

Height  of  dam  in  feet 

Total  volume  of  embankment 
in  cubic  yards 


1,695 

1,650 

1,550 

l,70it 

1,661+ 

1,565 

l,i^50 

l,i^50 

1,^^50 

535 

l<-90 

390 

21^27,000 

l6,i+ll,ooo 

8,700,000 

Geology  of  the  Site 

English  Ridge  damsite  lies  within  a  northwest -trending  sedi- 
mentary belt  of  the  Franciscan  group,  which  is  composed  predominantly  of 
graywacke  sandstone  with  minor  lenses  and  interbeds  of  black  slaty  shale. 
This  2-mile  wide  belt  of  resistant  rock  is  bounded  to  the  east  and  west 
by  sheared  and  brecciated  material  which  consists  of  shale,  greenstone, 
serpentine,  and  glaucophane  schist.  These  areas  of  weak  rock  are  cover- 
ed by  slopewash  and  landslide  debris  and  should  provide  sufficient  vol- 
vaae   of  impervious  construction  materials  for  the  proposed  structure. 
Based  on  examination  of  visible  outcrops  in  the  Eel  River  channel  it  was 
concluded  that  80  to  85  percent  of  the  dam  foundation  consists  of  sand- 
stone, overlain  above  the  channel  by  generally  shallow  slopewash  and  soil. 

The  strike  of  the  strata  in  the  damsite  area  is  N20  to  35W  with 
predominantly  western  dips  ranging  from  35  to  vertical.  Local  reversals 
of  dip  are  common  and  several  tight  plunging  folds  were  mapped.  The 
larger  scale  folding  coiild  not  be  determined  dixring  the  brief  reconnais- 
sance owing  to  similarity  of  rock  types  and  nearly  isoclinal  folding. 
No  faults  or  shear  zones  which  may  affect  the  stability  of  the  dam 
foimdation  were  mapped  in  the  dam  area.  Geology  of  the  damsite  is  shown 
on  Plate  I8,  "Geologic  Map  and  Section" . 

The  reservoir  will  be  entirely  in  Franciscan  rock  types  and 
seepage  shoiold  be  minor.  Seepage  through  the  narrow  ridges  which  form 
the  right  and  left  abutments  could  be  considerable,  especially  so  on  the 
left  side  where  the  strike  of  the  strata  is  nearly  normal  to  the  ridge. 
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Both  ridges  should  be  investigated  by  diamond  drilling  during  the  feasi- 
bility stage  of  the  project o 

Landslide  areas  in  the  channel  of  the  upper  Eel  River  above 
the  site  are  present  but  no  large  scale  mass  vrasting  into  the  reservoir 
is  ajiticipated.  The  closest  potential  landslide  lies  about  3  air  miles 
southeast  of  the  site.  The  channel  section  contains  several  entrenched 
meanders  between  the  unstable  slope  and  the  site  and  no  serious  tidal 
wave  danger  appears  to  exist  from  sudden  landslide  movement  into  the 
reservoir. 

Foiindation  Conditions 

Right  Abutment.  The  right  abutment  is  formed  by  a  narrow 
plunging  ridge  underlain  predominantly  by  sandstone.  Outcrops  are  con- 
tinuous along  the  base  of  the  abutment  up  to  about  100  feet  above  the 
channel.  Above  this  elevation  outcrops  become  more  spotty  and  are 
surrounded  by  shallow  soil  and  colluvium.  The  depth  of  the  overburden 
probably  averages  about  5  feet  with  a  maximum  of  about  15  feet  near  the 
crest  of  the  abutment.  The  strike  of  the  bedding  is  parallel  to  the 
axis  of  the  proposed  dam  and  the  section  of  the  rock  exposed  in  the 
channel  should  be  representative  of  the  remainder  of  the  abutment  ridge. 

The  rock  is  a  gray  to  greenish-gray,  fine-grained,  hard  gray- 
wacke  sandstone.  The  thickness  of  the  individual  strata  varies  from  a 
few  inches  to  about  15  feet.  The  rock  is  hard  and  moderately  jointed  — 
average  joint  spacing  is  about  1  foot  at  the  surface.  The  most  pro- 
noiinced  joint  system  is  normal  to  the  strike  of  the  strata  or  parallel 
to  the  channel  (N30  to  50E)^  and  generally  dipping  north  at  a  veirj'  steep 
angle.  Another  well  developed  joint  set  is  parallel  to  the  bedding. 
These  fractures  developed  through  differential  slipping  of  sandstone 
strata  during  regional  deformation  and  folding.  Some  slickenside  and 
shesiring  was  observed  along  these  joints  especially  in  thin  slaty 
interbeds . 

Most  joints  appear  to  be  open  near  the  siirface  and  numerovis 
small  seeps  were  observed  near  the  channel  elevation.  Cutoff  grouting 
in  the  sandstone  would  probably  be  effective  because  of  regularity  of 
joints  and  lack  of  clayey  material  in  the  fractvires. 
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A  60-foot  wide  shear  zone,  trending  W35^  was  mapped  at  the 
base  of  the  right  abutment  800  feet  upstream  from  the  dam  axis.  This 
shear  zone  consists  of  crushed  shale  and  sandstone  but  apparently  con- 
tains very  little  clayey  go\ige.  The  brecciated  rock  is  saturated  and 
will  reqxiire  some  overexeavation  and  grouting.  Several  minor  faults 
were  mapped  near  the  mouth  of  Old  Woman  Canyon  and  some  minor  shears 
were  noted  along  the  channel.  These  structixral  features  are  inconse- 
quential and  will  not  affect  the  stability  of  the  dam  foundation. 

Foimdation  preparation  on  the  right  abutment  for  a  535-foot 
high  rockf ill  dam  will  consist  of  removal  of  all  soil  and  slopewash  under 
the  entire  dam  section  —  an  average  depth  of  about  8  feet.  Some  bedrock 
shaping  will  be  reqiiired  near  the  channel  to  provide  an  even  sxirface  for 
placement  of  fill.  Stripping  under  the  impervio\is  section  will  require 
removal  of  5  feet  of  overburden  in  addition  to  I5  feet  of  weathered  and 
loose  rock  as  averaged  over  the  entire  slope.  Some  overexeavation  and 
minor  dental  work  will  be  required  in  several  minor  shear  zones  and  in 
some  open  joints  near  the  channel. 

Channel .  The  stream  channel  is  about  200  feet  wide  and  has  an 
S-shape  in  the  dam  foundation  area.  The  average  stream  gradient  is 
roughly  I5  feet  per  mile.  The  channel  section  has  continuous  sandstone 
outcrops  at  the  base  of  both  abutments  and  is  filled  with  stream  allu- 
vium. Although  no  outcrops  were  found  to  be  completely  continuous  across 
the  channel,  the  conformity  of  attitude  and  correlation  of  strata  on  both 
sides  of  the  stream  indicate  that  there  is  no  fault  beneath  the  alluvial 
cover.  The  depth  of  sand  and  gravel  is  expected  to  vary  from  nearly  0  to 
25  feet  in  scour  or  pot  holes  carved  by  the  river  along  prominent  joints 
and  weak  zones.  Considerable  scouring  can  be  expected  along  a  major  set 
of  joints  parallel  to  the  channel  near  the  axis  and  along  the  traces  of 
the  bedding  in  the  downstream  toe  area.  Bedrock  irregularities  will 
require  hardrock  shaping  aund  concrete  dental  work,  but  should  not  consti- 
tute a  major  construction  problem.  Stripping  in  the  channel  will  consist 
of  removal  of  the  alluvium  under  the  entire  dam  section  to  expose  any 
possible  foxmdation  irregiolarities  or  defects.  Loose  and  weathered  rock 
should  be  removed  from  the  impervious  section  in  addition  to  shaping. 
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Overall  foundation  preparation  in  the  channel  will  reqiiire  removal  of 
10  feet  of  alluvium "plus  3  feet  of  shaping  and  loose  rock. 

Cutoff  grouting  should  be  directed  to  intercept  the  joint  set 
parallel  to  the  chsmnel.  The  rock  is  fresh  and  the  grout  take  will 
probably  be  low. 

Left  Abutment.  The  left  abutment  is  formed  by  a  narrow  n60°E 
trending  ridge.  The  average  abutment  slope  along  the  dam  axis  is  37  ^ 
becoming  somewhat  shallower  (30  to  25  )  in  the  upstream  toe  area. 

Outcrops  on  the  lower  portion  of  the  abutment  are  nearly  con- 
tinuous up  to  about  50  feet  above  the  channel.  Above  this  elevation 
outcrops  are  scarce  and  the  entire  slope  is  msmtled  by  slopewash  and  some 
landslide  debris.  The  overall,  average  depth  of  colluvlum  on  the  left 
abutment  is  estimated  at  I5  feet  with  a  maximvun  depth  of  50  feet  in  the 
downstream  toe  area. 

Rock  types  are  identical  to  the  right  abutment  and  the  channel 
area  --  about  80  to  85  percent  graywacke  sandstone  and  15  to  20  percent 
shale.  Strikes  and  dips  of  the  strata,  and  direction  and  spacing  of 
joints  are  the  same  as  on  the  right  side. 

The  rock  below  the  colluvial  cover  on  the  upper  abutment  slojie 
is  expected  to  be  deeply  weathered  --  probably  to  a  depth  of  25  to  30  feet. 
The  entire  left  abutment  is  covered  by  dense  trees  and  brush  in  contrast 
to  the  opposite  slope  which  has  only  a  light  cover  of  trees  and  brush. 

Numerous  springs  and  seeps  were  observed  both  in  colluviian  and 
bedrock  and  a  small  gully  8OO  feet  downstream  from  the  axis  will  have  to 
be  diverted  during  construction  and  operation  of  the  project. 

Foxmdation  preparation  on  the  left  abutment  will  consist  of 
removal  of  all  colluvium  from  the  dam  foundation  in  addition  to  stripping 
of  weathered  and  unstable  bedrock  under  the  impervious  section.  Average 
stripping  depths  for  a  535-i"oot  dam  will  be  15  feet  under  the  rockfill 
section  and  25  feet  under  the  impervioiis .  Grouting  will  be  required  to 
reduce  seepage  throiigh  open  joints  and  along  bedding  planes.  Grout  takes 
will  he  moderate  to  high. 

Spillway 

The  narrow  ridge  above  the  right  ab\itment  is  the  most  favorable 
spillway  location.  Preliminary  design  calls  for  an  iincontrolled  ogee  weir 
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section  k^O   feet  long  with  a  concrete-lined  chute,  terminating  in  a  flip 
bucket.  A  final  volume  computation  indicates  that  about  3^^00,000  cubic 
yards  of  material  will  be  excavated  for  1,70^  maximum  water  surface  plan. 
Assuming  the  continuance  of  rock  units  from  the  channel  section  into  the 
spillway  area,  the  relative  proportion  of  sandstone  to  shale  shovild  be 
about  80  percent  to  20  percent.  The  depth  of  colluArixjm  and  decomposed 
rock  should  average  about  20  feet  underlain  by  20  more  feet  of  weathered 
rock.  The  colluvlum  and  weathered  rock  will  probably  be  suitable  for  the 
transition  section.  The  fresh  sandstone  wo\ild  be  salvaged  for  the  rock- 
fill  section  --  about  50  percent  of  the  total  excavated  volume. 

The  strike  of  the  sedimentary  strata  is  nearly  normal  to  the 
spillway  cut  so  that  both  sides  will  be  equally  stable.  The  cut  slopes 
should  be  stable  at  1.5:1  in  overburden,  1:1  in  weathered  bedrock,  ajrid 
0.5:1  in  fresh  hard  rock.  The  spillway  will  be  excavated  almost  entirely 
by  drilling  and  blasting. 

Diversion  and  Outlet  Works 

The  right  abutment  ridge  provides  the  best  location  for  the 
proposed  35-foot  finished  diameter  diversion  tunnel.  The  tunnel  will 
cut  the  rock  normal  to  the  stratification  and  the  tunneling  condition 
will  be  "moderately  blocky  and  seamy"  with  a  load  factor  of  0.35  (B  +  Ht). 
Circular  steel  ribs  will  be  spaced  from  6  to  ii-  feet  and  the  entire 
tunnel  will  be  lined  with  concrete. 

Some  minor  faulting  was  noted  near  the  inlet  portal  and  strip- 
ping of  unstable  rock  and  rock  bolting  will  be  necessary  to  provide  a 
stable  portal  face. 

An  inlet  channel  will  be  excavated  aroiond  the  upstream  toe  of 
the  dam  to  provide  for  unrestricted  flow  of  water  into  the  outlet  euid 
diversion  tunnel.  The  total  volume  of  excavated  material  will  be  about 
375^000  cubic  yards  and  the  maximum  cut  depth  will  be  l60.feet.  The  inlet 
chaimel  will  be  entirely  in  sandstone  and  the  slopes  should  be  stable 
at  1/2 :1  in  fresh  rock. 

Construction  Materials 

Impervious .  The  total  estimated  volume  of  impervious  embankment 
for  the  proposed  535-foot  dam  is  3^800,000  cubic  yards. 
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Three  large  areas  \mderlain  by  deep  accumulations  of  soUp  slope- 
wash  and  landslide  debris  derived  from  Franciscan  shale,  sandstone,  and 
greenstone  are  outlined  on  Plate  I9.  Based  on  reconnaissance  study  there 
are  sufficient  impervious  materials  within  a  3-niile  ra^us  and  probably 
after  a  more  detailed  study  an  adequate  volume  of  impervious  fill  can  be 
outlined  within  a  2-niile  radius  from  the  site. 

Considerable  variation  in  grain  size  distribution,  plasticity, 
permeability,  and  xmlt  weight  was  observed  throughout  the  potential  borrow 
areas  and  an  intensive  sampling  and  testing  program  is  needed  during  the 
feasibility  study  to  determine  the  most  advantageous  source  of  material. 
The  distribution  of  colluviian  on  the  slopes  can  be  expected  to  be  highly 
irregular  with  ribs  and  residual  boulders  of  rock,  requiring  some  selec- 
tive excavation. 

Rockfill  and  Riprap.  Five  potential  rockfill  quarry  areas  are 
shown  on  Plate  I9.  The  aggregate  volume  of  material  available  exceeds  the 
required  16  million  cubic  yards  and  there  appears  to  be  no  shortage 
of  rockfill  material. 

The  most  extensive  and  the  most  favorable  quarry  area  appears 
to  be  R-1  (see  Plate  I9) .  Bold  outcrops  of  hard,  massive,  slightly 
weathered  sandstone  are  visible  from  the  channel  of  Twin  Bridges  Canyon 
nearly  to  the  crest  of  English  Ridge  —  some  1,000  feet. 

The  shale  content  in  all  five  potential  quarries  appears  to  be 
low  --  less  thaji  I5  percent.  During  quarrying  operations  the  sandstone 
is  expected  to  break  up  into  roughly  eqxiidimensional  fragments  with  a 
relatively  high  percentage  of  minus  4- inch  material.  The  shale  fragments 
and  the  minus  4- inch  rock  will  be  used  in  the  transitional  (semi -pervious) 
section.  Some  selective  excavation  will  probably  be  required  to  produce 
good  q\iality,  free-draining  {k  to  8- inch)  rock  without  extensive  proces- 
sing at  the  quarry. 

A  test  quarry  operation  to  determine  the  breaking  characteris- 
tics and  powder  reqiiirements  for  the  sEUidstone  is  necessary  for  a  feasi- 
bility type  investigation. 

Concrete  Aggregate  and  Filter  Material.  No  adequate  source  of 
pervious  sauid  and  gravel  suitable  for  aggregate  and  filter  was  located 
near  the  site.  Gravel  bars  along  the  Eel  River  up-  and  downstream  from 
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the  site  are  generally  shallow  and  discontinuous.  The  only  known  sizable 
gravel  deposit  in  the  region  lies  near  the  north  end  of  LaJse  Pillshury, 
nearly  20  air  miles  southeast  frcsn  the  site. 

Conclusions 

1.  Preliminary  investigation  indicates  the  fovmdation  is  suit- 
able for  the  proposed  535-foot  rolled  rockfiU  dam. 

2.  Beneath  the  impervious  section  of  the  rockfill  dam,  the 
average  stripping  requirements  are:  right  abutment  -  23  feet;  channel 
section  -  13  feet;  and  left  abutment  -  25  feet.  Stripping  imder  the 
rockfill  section  will  be:  right  abutment  -  8  feet;  channel  -  10  feet; 
and  left  abutment  -  15  feet. 

3.  An  around-the-end  spillway  can  be  located  on  the  right 
abutment.  The  excavated  sandstone  material  will  be  salvaged  for  rockfill 
and  transitional  sections. 

k.     The  deep  colluvium  and  landslides  on  the  left  abutment 
average  25  feet  in  thickness;  this  material  can  probably  be  used  in  the 
transitional  and  impervious  core  sections  of  the  dam. 

5.  Rockfill  and  impervious  materials  are  available  within  a 
3-air-mile  radius;  concrete  aggregate  and  pervious  materials  are  scarce 
and  need  fiirther  investigation. 

Recommendations 

Further  study  of  this  site  should  include  the  following: 

1.  Detailed  geologic  mapping  of  the  damsite. 

2.  Dozer  and/ or  backhoe  trenches  on  both  abutments  to  deter- 
mine the  depth  of  colluvi^mi  and  the  condition  of  weathered  rock. 

3.  Diamond  drilling  and  water  pressure  testing  along  the  dam 
axis  and  spillwa.y  centerline,  to  determine  the  foundation  conditions  and 
possible  leakage  through  the  ridge  above  the  right  abutment. 

k.     Sampling  and  testing  of  potential  impervious  materials. 

5.  Investigation  for  pervious  and  aggregate  materials. 

6.  Testing  of  the  suitability  of  rockfill  materials,  including 
diamond  drilling  and  a  test  quarry. 
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Garrett  Tunnel 

The  Garrett  Tunnel  is  designed  to  convey  water  from  the  proposed 
English  Ridge  Reservoir  on  the  upper  Eel  River  into  Middle  Creek^  a 
tributary  of  Clear  Lake.  Two  alternative  tunnel  alignments  with  inlet 
portal  elevations  of  1,500  and  1,600  were  considered  in  the  preliminary 
analysis,  with  respective  tunnel  lengths  of  kQ,20Q   feet  and  6k,200   feet. 

Purpose  and  Scope 

The  geologic  investigation  of  the  proposed  alignment  in  the 
Middle  Mountain  area  was  conducted  d\iring  the  summer  of  1957  to  determine 
the  most  favorable  alignment  for  Garrett  Tunnel.  Detailed  geologic  map- 
ping was  conducted  during  a  7-week  period  and,  in  addition,  a  brief  study 
of  water  quality  was  made.  Geologic  mapping  of  the  tunnel  line  was 
done  on  USGS  maps  (scale  1:62,500)  and  aerial  photographs.  No  subsurface 
data  were  available. 

General  Geology 

The  overall  structure  of  the  Mddle  Mountain  area  follows  a 
northwest-southeast  trend  characteristic  of  the  North  Coast  Planges.  The 
most  significant  geologic  featvire  is  a  belt  of  the  Shasta  formation  of 
Cretax:eous  age  consisting  of  a  complex  synclinal  structure  striking 
northwest  and  plunging  southwest,  and  which  has  been  down-faulted  into 
rocks  of  the  Franciscan  group.  The  distribution  of  these  rock  imits  and 
structural  featvires  are  shown  on  Plate  20,  "Geologic  Map  and  Sections, 
Garrett  Tunnel". 

The  Cretaceous  age  rocks  csin  be  easily  distinguished  from  the 
s\arrounding  Franciscan  group,  primarily  by  the  orderly  apjeaxance  of  the 
interbedded  sajidstone  shale  strata  which  bear  marked  resemblance  to  the 
Sacramento  Valley  Cretaceous  rocks  found  in  the  Coast  Range  Foothills. 
The  Cretaceous  belt  (Shasta  series)  is  composed  entirely  of  shale  and 
sandstone  with  occasional  conglomerate  lenses,  while  the  Franciscan  group 
contains  a  great  variety  of  igneous  and  metamorphic  rocks  in  addition  to 
the  sedimentary  units. 

The  structure  within  the  Franciscan  is  complex  and  difficult  to 
interpret,  chiefly  because  of  lack  of  exposures.  Topographic  expression 


-IbO- 


of  structure  is  indistinct  except  for  geologically  recent  faults.  By 
contrast,  structure  in  the  Shasta  series  is  expressed  rather  well  in 
the  topography,  and  exposures  are  sufficient  to  make  a  generalized 
interpretation  of  the  tunneling  conditions. 

Attitudes  on  the  eastern  side  of  Middle  Mountain  indicate  a 
northwest  strike  and  moderate  to  steep  southwest  dip,  modified  by  local 
folding.  Toward  the  west  the  available  attitudes  become  less  frequent 
and  quite  variable,  which  is  partly  a  result  of  surficial  slumping  and 
sliding  on  a  dip  slope,  and  partly  due  to  fracturing  and  shearing  near  a 
major  fault  along  the  west  side  of  Middle  Mountain. 

In  general  it  can  be  stated  that  the  Middle  Mountain  Ridge  con- 
sists of  a  series  of  northwest-oriented  spurs  with  intervening  saddles  and 
gullies  which  reflect  the  underlying  geologic  conditions.  The   ridges  are 
underlain  predominantly  by  more  resistant  semdstone  while  the  saddles  are 
formed  by  weaker  shale  or  thinly  bedded  sequence  of  shale  and  sandstone. 
Although  the  sub-jarallel  arrangement  of  the  topography  is  easily  discern- 
ible, it  was  not  possible  during  the  field  mapping  program  to  trace  out 
rock  units  owing  to  poor  outcrops  and  leujk  of  time. 

The  belt  of  Cretaceous  sedimentary  rock  is  bounded  to  the  east 
and  west  by  two  major  fault  zones  (see  Plate  20).  These  zones  are  char- 
acterized by  intensely  deformed  rock  and  a  highly  diverse,  disoriented 
assemblage  of  rock  types  including  sheared  serpentine.  The  two  faults  are 
well  expressed  in  the  regioneil  topography  and  appear  to  have  a  maximum 
width  of  nearly  1  mile  locally.  Faulting  within  the  Cretaceoiis  rocks  was 
difficult  to  map  owing  to  deep  weathering,  especially  in  weaker  or  deformed 
rock  units.  Based  on  reconnaissance  mapping  along  the  South  Eel  River,  a 
shear  zone  within  the  Cretaceous  rocks  was  mapi)ed  about  one-quairter  mile 
from  the  proposed  inlet  portal.  This  shear  zone  is  about  300  to  ^4-00  feet 
wide  and  consists  of  intensely  sheared,  locally  gongy   rock.  The  degree 
of  shearing  and  fracturing  is  at  its  maximum  near  the  center  of  the  zone, 
diminishing  in  intensity  to  the  east  and  west.  The  direction  of  deforma- 
tion is  nearly  north- so\jth  or  roughly  parallel  to  the  timnel  alignment. 
Based  on  air-photo  analysis  this  shear  zone  was  traced  southward  across 
the  propiosed  tunnel.  Several  other  "zones  of  weakness"  were  traced  on 
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aerial  photographs  based  on  aligimient  of  topographic  lows;  however,  field 
check  proved  to  be  inconclusive  owing  to  lack  of  exposures. 

The  degree  of  jointing  in  the  tunnel  area  was  difficult  to  inter- 
pret. Only  two  areas  of  fair  outcrops  were  located.  One  is  along  the 
south  bank  of  the  Eel  River  where  a  new  logging  road  has  exposed  an 
excellent  cross  section  of  the  Cretaceous  belt;  the  other  area  of  outcrop 
is  less  continuous  and  consists  of  road  cuts  in  weathered  rock  along  the 
western  flank  of  Middle  Moimtain.  Based  on  limited  exposures  there  appear 
to  be  three  major  joint  sets.  Two  sets  of  fractures  are  crossing  the 
bedding  striking  north- south  dipping  80  to  65  south  and  N7OW  and  dipping 
75  to  85  north.  There  are  frequent  zones  of  very  close  jointing  with  a 
fracture  spacing  of  3  to  if  inches.  These  jointed  zones  appear  to  become 
shears  or  minor  faults  locally.  In  road  cuts  along  the  western  flank 
these  zones  of  fracturing  are  spaced  from  20  to  30  feet  apart  but  may 
represent  only  local  conditions  and  may  not  extend  to  the  tunnel  align- 
ment. The  third  set  of  prominent  fracturing  is  along  the  bedding  and  is 
well  exposed  along  the  Eel  River.  These  fractures  consist  of  slippage 
planes  normally  along  contacts  of  shale  and  sandstone.  Nxunerous  minor 
shear  zones  were  noted  usually  entirely  within  thinly  bedded  black  shale. 
Most  of  these  shears  were  seeping  water  at  the  time  of  observation  (late 
May)  and  at  least  one  seemed  to  be  mildly  sulphurous.  Althoiigh  these 
zones  are  minor  zones  of  weakness  their  orientation  is  nearly  parallel  to 
the  alignment  and  a  tunnel  could  conceivably  follow  a  shear  zone  for  a 
considerable  distance. 

Ground  Water 

The  quantity  of  ground  water  inflow  into  the  proposed  Garrett 
Tunnel  will  generally  be  quite  high.  The  highest  flows  will  occur  in 
closely  jointed  zones  and  also  along  faults  and  shears  under  deep  cover. 
It  is  believed  that  by  placing  the  tunnel  close  to  the  eastern  border  of 
the  Cretaceous  belt  most  serious  water  problems  will  be  avoided.  The 
belt  of  Cretaceous  rock  is  a  complicated  synclinal  structure,  and  a  con- 
centration of  water  in  the  trough  of  the  structure  can  be  anticipated, 
especially  since  the  rocks  in  the  tunnel  area  are  thinly  bedded  and 
extensively  jointed. 
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Ten  springs  on  Middle  Mountain  vere  sampled  for  temperature, 
chloride  content,  and  conductivity.   In  addition,  local  residents  were 
queried  concerning  \inusual  ground  water  occurrences  in  the  area  and 
there  were  no  reports  of  hot  springs  or  chemical  springs.  All  the  tested 
springs  were  low  in  temperature,  chloride  content,  and  conductivity.  It 
is  thus  estimated  that  water  at  tunnel  depth  will  generally  be  of  good 
quality  (exceptions  will  occur  in  fault  zones),  and  will  be  fairly  cool. 

Geology  of  the  Tunnel  Line 

The  first  consideration  in  locating  the  Garrett  Tunnel  was  to 
avoid  the  two  major  fault  zones  located  to  the  east  and  west  of  Middle 
Mountain,  and  the  badly  sheared  and  deformed  sedimentary  rocks  of  the 
Franciscan  group.  For  this  reason  the  line  is  placed  entirely  under  Middle 
Mountain  in  sandstone  and  shale  of  the  Shasta  series,  which  provide  the 
best  t\mneling  conditions  in  the  area.  Surface  evidence  on  Middle 
Mountain  f\irther  indicated  that  the  western  side  of  the  Shasta  belt  is  to 
be  avoided,  as  the  rocks  appear  to  be  severely  jointed  and  locally  sheared. 
There  also  seems  to  be  a  greater  amount  of  shales  on  the  western  side. 
The  center  of  the  synclinal  structure  as  outlined  on  Plate  20  should  also 
be  avoided  because  of  the  possibility  of  dangerous  ground,  water  inflows 
which  would  be  most  pronounced  in  a  synclinal  trough. 

The  eastern  side  of  Middle  Moiuitain  provides  the  best  tunneling 
conditions  in  the  mapped  area.  The  optimum  location  in  this  limited  zone 
is,  however,  not  predictable  from  reconnaissance  surface  mapping  and  must 
be  determined  from  subs\irface  exploration. 

The  tunnel  as  located  on  Plate  20  will  be  almost  entirely  in 
Shasta  series  sandstones  and  shales.  The  geologic  structure  along  the 
tiuinel  line  is  not  the  most  favorable  for  tunneling  p-urposes,  Throiighout 
most  of  the  length,   the  bedding  will  be  striking  roughly  parallel  to 
the  line,  varying  perhaps  30  degrees  to  either  side.  Similarly,  the 
bedding  will  dip  moderately  steeply  to  steeply  toward  the  west,  gener- 
ally from  ho   to  80  degrees.  No  positively  identified  faults  cross  the 
tunnel  line;  however,  two  cross-faiilts  were  inferred  based  on  topographic 
expression  and  poor  outcrops,  and  there  are  probably  a  number  of  others 
that  do  not  have  surface  expression.  It  has  generally  proved  out  from 
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constnacted  tunnels  that  only  a  small  percentage  of  minor  faults  and 
shear  zones  can  be  located  by  surficial  mapping.  Furthermore,  minor 
faulting  and  shears  may  be  discontinuous  and  confined  entirely  to 
lenses  of  shale  or  other  wealcer  rock  and  may  not  outcrop  on  the  surface. 

Properties  of  Rock  Units 

Sandstones.  Tunneling  characteristics  of  the  sandstones  will 
vary  depending  on  whether  tunneling  is  carried  on  in  thick  massive  beds 
or  in  thin  beds  separated  by  layers  of  shale.  In  all  cases,  the  sandstone 
will  be  moderately  hard  and  moderately  blocky  and  seamy  except  in  shear 
or  faixLt  zones.  Overbreak  will  be  slight  to  moderate  in  massive  beds 
greater  than  10  feet  thick,  moderate  to  heavy  in  beds  from  1  to  10  feet 
thick  (depending  on  amount  of  interbedded  shales),  and  heavy  in  beds 
1  foot  or  less  in  thickness.  Tunneling  conditions  will  vary  with  the 
angle  of  intersection  of  the  tunnel  and  the  bedding.  The  best  tunneling 
will^  be  normal  to  the  stratification  and  less  favorable  conditions  will 
be  encountered  when  progressing  obliquely  or  parallel  to  the  bedding.  In 
genjgral,  the  tionnel  follows  the  regional  structural  grain  and  the  attitude 
of  the  strata  will  often  parallel  the  alignment.  This  condition  is  con- 
sidered to  be  xmfavorable  to  tunneling  because  considerable  overbreak 
can  be  expected  along  the  dip  of  the  strata.  As  the  timnel  line  will  be 
located  predominantly  in  westerly  dipping  strata,  most  overbreak  shoiold 
occur  on  the  eastern  side  of  the  spring  line.  Reversals  in  attitude  were 
observed  throughout  the  tunnel  area  and  a  considerable  portion  of  the 
tunnel  will  be  crossing  the  bedding  at  nearly  right  angles. 

Shales.  Tunneling  characteristics  of  the  shales  will  vary  in 
the- same  manner  as  for  the  sandstones.  However,  overbreaJc  will  be  heavier, 
andfcin  areas  of  high  cover,  sheared  shales  are  liable  to  produce  squeezing 
ground.  The  thinly  bedded  shale  will  slake  when  exposed  to  air.  However, 
this  should  not  constitute  a  major  tunneling  difficulty,  although  some 
slaking  will,  take  place  in  the  period  between  the  excavation  and  lining. 
Zones  underlain  predominantly  by  shale  are  normally  expressed  in  the 
topography  as  lows  such  as  saddles  or  gullies.  Because  of  their  relative 
softness  and  susceptibility  to  weathering,  shales  do  not  outcrop  as 
frequently  as  the  more  resistajit  sandstone  and  a  precise  determination  of 
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shale  horizons  was  not  possible.  Several  zones  probably  vtnderlain  pre- 
dominantly by  shale  were  recognized  based  primarily  on  air  photo  inter- 
pretation , 

Tungejjing  Zones 

The  Garrett  Tunnel  area  was  divided  into  three  tiinneling  condi- 
tions zones  based  on  the  relative  cost  of  tunneling  through  zones  of  rock 
with  different  physical  properties  (see  Plate  20).  The  most  favorable 
conditions  woiold  be  encountered  in  Zone  I  and  would  becoire  progressively 
worse  in  Zones  II  and  III. 

Zone  I.  This  tiinneling  zone  is  underlain  by  Shasta  series 
sandstone  with  subordinate  shale  interbeds.  Zone  I  also  covers  the  entire 
Shasta  series  belt  where  no  differentiation  of  rock  units  was  possible. 
It  thus  represents  the  average  anticiiiated  tunneling  conditions  of  the 
whole  belt.  The  tunneling  conditions  will  range  from  hard  stratified  in 
massive  sandstone  to  moderately  blocky  and  seamy  in  thinly  bedded  sand- 
stone and  shale.  About  10  percent  of  Zone  I  \d.ll  be  in  shale  and  in  shear 
zones.  Water  inflows  into  the  tunnel  are  expected  to  be  moderate  --  only 
5  percent  of  Zone  I  is  expected  to  be  in  "wet  heading"  tunneling. 

Summary  of  Tunneling  -  Zone  I 

:  Rock  Load  Hp  :  :  Percent 

Rock  Condition :    in  feet    :    Rock  Types :  of  Zone 

2.  Hard  stratified 

k.   Moderately  blocky 
and  seamy 

5.  Very  blocky  and 
seamy  to  com- 
pletely  crushed. 

Zone  II.  Zone  II  includes  areas  within  the  Shasta  series  under- 
lain by  shale  or  inferred  fa\ilt  or  shear  zones.  Tunneling  conditions  are 
expected  to  range  from  very  blocky  and  seamy  to  completely  crushed.  About 
10  percent  of  this  zone  is  expected  to  be  in  "wet  heading"  tunneling  -- 
more  than  100  gallons  per  minute  at  the  heading.  Moderate  lateral  pres- 
sures should  occur  especially  under  more  than  1,000  feet  of  cover.  In- 
vert struts  will  be  required  throughout  Zone  II. 
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Summary  of  Tunneling  -  Zone  II 


:  Rock  Load  Hp  :  :  Percent 

Rock  Condition :    in  feet    :    Rock  Types :  of  Zone 

Very  blocky  and  seamy    0,7  (B+Ht)      Sheared  shale  and     100 
to  completely  crushed  sandstone 

Zone  III.   Zone  III  includes  the  two  major  fault  zones  which 
parallel  Middle  Mountain,  Only  a  minor  portion  of  the  tunnel  near  the 
outlet  i)ortal  will  be  in  fault  zone  material.  The  rock  consists  of 
completely  crushed  locally  and  chemically  altered  sandstone,  shale,  ser- 
pentine, and  various  minor  rock  types  of  the  Franciscan  group. 

The  rock  is  expected  to  be  satiirated  as  the  excavation  will  be 
near  the  channel  of  Middle  Creek,  and  flowing  ground  may  be  encountered. 
The  tunneling  difficulties  will  be  alleviated  somewhat  by  low  depth  of 
cover;  however,  the  tunnel  will  be  almost  entirely  in  the  weathered  and 
chemically  altered  material.  Invert  support  and  close  blocking  and  lag- 
ging will  be  required  in  Zone  III. 

About  20  percent  of  Zone  III  will  be  excavated  under  "wet  heading" 
conditions . 


Summary  of  Tunneling  -  Zone  III 


:  Rock  Load  Hp  :  :  Percent 

Rock  Conditions : in  feet :    Rock  Types :  of  Zone 

Completely  crushed,      1.10  (B+Ht)     Fault  zone  100 

chemically  altered 

rock. 

Concl\isions 

Based  on  a  preliminary"-  mapping  program: 

1.  The  proposed  Garrett  Tunnel  appears  to  be  geologically 
feasible  and  no  unusual  construction  difficulties  are  anticipated. 

2.  The  tunnel  will  be  located  in  a  belt  of  Shasta  series  rock 
which  provides  the  best  tunneling  conditions. 

3-  Based  on  surficial  geologic  mapping,  the  principal  problems 
encovintered  by  the  tvinnel  will  be  (a)  heavy  overbreak  in  thinly  bedded, 
steeply  dipping  shale  and  sandstone,  (b)  high  inflow  of  groxind  water. 
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especially  in  shear  or  fracture  zones,  and  (c)  some  lateral  pressures 
in  sheared,  thinly  bedded  shale  under  high  depth  of  cover. 

Recommendations 

1.  Additional  detailed  geologic  mapping  is  needed  for  a  more 
precise  determination  of  the  tunneling  conditions  zones.  This  mapping 
program  should  include  an  evaluation  of  topographic  expression  as  related 
to  the  underlying  geologic  conditions. 

2.  Exploratory  core  drilling  and  dozer  trenching  should  be  con- 
ducted after  completion  of  detailed  geologic  mapping  to  determine  the 
structural  relationships  and  to  explore  areas  of  inferred  weak  rock. 
Diamond  drill  holes  should  be  pressure  tested  at  short  intervals  to  gain 
at  least  qualitative  knowledge  of  the  fracture  permeability. 

3.  An  exploratory  adit  shoiild  be  excavated  to  provide  informa- 
tion on  the  tunneling  methods  best  sviited  for  the  material  rock  loads, 
support  requirements,  overbreak,  lateral  pressures,  and  water  inflow. 
The  most  favorable  location  for  this  adit  would  be  in  the  Eel  River 
Canyon  in  a  thinly  bedded  shale -sandstone  sequence  which  shows  some 
shearing.  The  adit  should  be  oriented  parallel  with  the  stratification 
in  order  to  determine  the  maximum  overbreak,  and  to  test  the  timneling 
condition  as  will  be  encountered  by  the  Garrett  Tunnel. 
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Soda  Creek  Tunnel 

Soda  Creek  I'unnel  is  designed  to  transport  sxirplus  waters  from 
the  Eel  River  and  Clear  Lake  into  the  Putah  Creek  Basin,  The  tunnel  is 
located  in  T12N,  R6W,  MDB  &  M.  Topography  is  provided  by  the  USGS 
15-niinute  Lower  Lake  quadrangle  sheet. 

The  proposed  20-foot  diameter  txinnel  will  be  about  3  miles 
long  and,  based  on  cvirrent  geologic  knowledge,  the  entire  line  will  be 
100  percent  supported  and  concrete-lined.  Areal  geology  and  geologic 
structural  interpretations  for  this  tunnel  are  presented  on  Plate  21. 

An  intensive  geologic  study  of  the  area  was  'undertaken  by  the 
U,  S.  Bureau  of  Reclamation  as  part  of  the  Yolo-Solano  development  in 
19'+8,  The  tunnel  geology  was  mapped  on  a  topographic  map  with  a  scale  of 
1  inch  =  1,000  feet  and  a  contoiir  interval  of  10  feet.  The  engineering 
geology  was  described  in  a  USER  office  report  titled,  "Reconnaissance 
Geologic  Report  on  Clear  Lake-Soda  Creek  Tunnel  Line",  published  in 
March  19^8.  No  additional  field  work  has  been  xmdertak.en  since  this 
study. 

The  geology  of  the  tunnel  line  is  svmimarized  below  as  described 

in  the  USER  report. 

"A  feature  considered  in  studies  for  the  Yolo-Solano  develop- 
ment is  a  diversion  tunnel  about  3  miles  long  from  Clear  Lake  to 
Putah  Creek  drainage  in  the  northern  Coast  Range.  The  area  embrac- 
ing the  tunnel  site  is  underlain  by  strongly  folded,  faulted,  and 
altered  rocks  of  Jurassic,  Cretaceoios,  and  possibly  lower  Eocene 
ages  unconforraably  overlain  by  upper  Eocene  sandstones.  Any 
tunnel  line  chosen  will  be  almost  entirely  in  the  pre-Eocene  rocks. 
The  rocks  are  dominantly  shale  and  sandstone;  small  bodies  of 
serpentine  and  contact-altered  rocks  are  in  the  area.  Two  dia- 
mond drill  holes  have  been  drilled  in  the  area  and  one  choice  of 
line  was  abandoned  as  the  res\ilt  of  the  drilling  and  geologic 
mapping.  Further  exploration  and  drilling  would  be  necessary 
to  select  a  final  location  if  a  txmnel  diversion  is  desired.  The 
preliminary  line  chosen  for  estimating  purposes  has  its  inlet 
portal  at  Clear  Lake  Dam  and  outlet  in  Soda  Creek,  a  tributary 
to  Putah  Creek.  The  following  estimates  on  required  support  refer 
to  this  line:  37  percent  will  require  light  support,  35  percent 
will  require  moderate  support,  and  28  percent  will  require  heavy 
support,  Siiitable  concrete  a,ggregates  for  lining  are  available 
within  15  miles  by  hard-surfaced  road." 
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Tiumellng  Zones 

For  purposes  of  preliminary  cost  estimates  the  tunnel  was  sub- 
divided into  three  tunneling  conditions  zones  based  on  the  geologic  condi- 
tions as  described  in  the  USER  report.  The  entire  tunnel  line  will  lie 
in  intensely  deformed  rock  and  tunneling  conditions  are  expected  to  range 
from  moderately  blocky  and  seamy  to  completely  crushed,  moderately 
squeezing.  Heavy  ground  is  anticipated  in  sheared  hydrothermally  altered 
zones  with  high  inflows  of  hot,  mineralized  water.  Altered  shales  and 
mudstones  will  have  a  tendency  to  slake  when  exposed  to  air  and  will 
require  an  immediate  gunite  coating. 

Sxxmmary  of  Tunneling  Zones 

:         Rock          :    Load  Factor    :   Percent 
i Condition ;    Hp  in  feet ;   of  Zone 

Zone  I         Moderately  blocky        0.35  (B+Ht)  37 

and  seamy 

Zone  II        Very  blocky  and  O.725  (B+Ht)         35 

seamy 

Zone  III       Completely  crushed       1,1  (B+Ht)  28 

NOTE:  About  10  percent  of  Zone  III  is  expected  to  be  "wet  heading" 
tunneling. 

Any  further  study  of  the  Soda  Creek  Tunnel  line  will  re- 
quire detailed  geologic  mapping  and  additional  diamond  drilling.  The 
complex  geologic  structure  does  not  permit  an  evaluation  of  tunneling 
conditions  based  on  surficial  mapping  alone.  A  ground  water  and  spring 
sampling  investigation  is  highly  recommended  to  determine  the  properties 
of  the  mineralized  water  with  respect  to  its  reactivity  with  concrete 
lining. 
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